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RECEIVING MEASUREMENTS AND ATMOSPHERIC 
DISTURBANCES AT THE UNITED STATES 
NAVAL RADIO RESEARCH LABORATORY, 
BUREAU OF STANDARDS, WASHINGTON, 

SEPTEMBER AND OCTOBER, 1922* 


Bv 
L. W. AUSTIN 


(UNITED States NAVAL RADIO RESEARCH LABORATORY, WASHINGTON, D.C.) 


(Communication from the International Union for Scientific 
Radio Telegraphy) 


The observations are taken according to the method briefly 
described in the PROCEEDINGS OF THE INSTITUTE OF RADIO 
ENGINEERS for the month of June. 

Radio Central on Long Island has proved to be the most satis- 
factory of the American stations for comparison purposes, as 
Annapolis and New Brunswick are too close for measurements 
with the telephone comparator on the low antenna, while Say- 
ville and Marion have shown themselves somewhat variable as 
received at the laboratory. 

The small table shows the ratios of the various averages, and 
indicates the disappearance of the summer conditions of strong 
afternoon fading and severe disturbances. It is seen that the 
extreme fading persists later with the shorter wave station, and 
it will be remembered that it began earlier in May and June. 

The field intensities, 2 micro-volts per meter, given in a num- 
ber of places in the tables, lie at the lower limit of the telephone 
comparator, and are to be considered approximations. Such 
signals were marked “Чоо weak to measure” in former reports. 

The signal measurements in the forenoon still indicate field 
intensities of approximately twice the calculated values. 

The calculated intensities for the signals, assuming 480 
amperes at Lafayette and 380 amperes at Nauen, are 


E (Lafayette) =31.5.10 2? volts/meter 
Е (Nauen) = 15.3.10 2 volts/meter 
* Received by the Editor, December 4, 1922 


FIELD INTENSITY OF LAFAYETTE AND OF DISTURBANCES 
(4 = 23,400 m.) IN SEPTEMBER, 1922, IN MICRO-VOLTS PER METER 
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FIELD INTENSITY OF NAUEN AND OF DISTURBANCES 
(A= 12,500 m.) In SEPTEMBER, 1922, IN MICRO-VOLTS PER METER 
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. .. Not taken. 


FIELD INTENSITY OF LAFAYETTE AND OF DISTURBANCES 
(/= 23,400 m.) IN OCTOBER, 1922, IN MicRo-voLTs PER METER 


10 A. M. | ЗОР. М. 
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.... Not taken. 


FIELD INTENSITY OF NAUEN AND OF DISTURBANCES 
(A= 12,500 m.) IN OCTOBER, 1922, IN MIcRO-VOLTS PER METER 
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RATIOS OF AVERAGES 


SEPTEMBER 


| 
Disturbance} A. M. Р.М. 


Р. М. Signal Signal 
. M. 


0.604 2.34 i 0.183 
-02 500. 0.376 | 274 0.679 0.096 


OCTOBER 


4223400 
¿= 12,500 


SUMMARY: Field intensities of the signals from the Lafayette and Nauen 
stations, together with the simultaneous strength of the atmospheric disturb- 
ances, are given for September and October, 1922. 
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THE OSCILLATION ENGINEERING DESIGN OF SUB- 
MARINE ACOUSTIC SIGNALING APPARATUS 


By 
WALTER HAHNEMANN 


(SIGNAL GESELLSCHAFT, KIEL, GERMANY) 


In submarine sound signaling, we are concerned with 
phenomena which are highly similar to those of radio telegraphy. 
In each case the problem is to transmit energy for signaling or 
any other similar purpose from a transmitting station to a receiv- 
ing station. Accordingly, there are transmitters and receivers 
in submarine signaling, exactly as in radio telegraphy. At the 
transmitter, the energy in question must be produced in 
the form of convenient oscillations, and then transferred to a 
suitable radiating system (sound antenna), from which it is im- 
parted to the medium. At the receiver, a similar radiating 
system must pick up the energy from the medium, and must 
then transform it into ‘such a form that it will give perceptible 
indications to the observer on a suitable indicating instrument. 
This process, in the case of radio telegraphy, is very well known. 
In this paper we shall descrjbe the acoustic or oscillation engineer- 
ing design of typical transmitting and receiving apparatus for 
submarine signaling. 

Altho acoustics is a much older subject than radio telegraphy, 
the necessity for solving engineering problems in the field of 
oscillations first arose in radio telegraphy, and before the neces- 
sary oscillation engineering basic laws were used clearly and 
consciously in the field of acoustic engineering. The appli- 
cation of these laws to the field of submarine signaling engi- 
neering has taken place only during the last ten years. That is, 
the basic Iaws of oscillation engineering were first necessarily 
developed in radio telegraphy, the elder brother of submarine 
acoustic engineering, and before the necessary investigations 
could be carried out in the field of submarine signal engineering. 
It is, therefore, not accidental that, for example, here in the 

* Received by the Editor, November 10, 1922. Presented before THE 


INsTITUTE OF RADIO ENGINEERS, New York, November 21, 1922. Translated 
from the German by the Editor. 
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RATIOS OF AVERAGES 


SEPTEMBER 


Signal РЕТ А. М. Р. М. 
Р. М. Signal Signal 
А. M. Disturbance! Disturbance 


4= 23,400; 0.604 2.34 0.771 0.183 


4=12,500| 0.376 2.74 0.679 0.096 
OcTOBER 

= 23,400] 0.6 2.45 

4= 12,500 2.38 


0.279 
0.294 


SUMMARY: Field intensities of the signals from the Lafayette and Nauen 


stations, together with the simultaneous strength of the atmospheric disturb- 
ances, are given for September and October, 1922. 
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United States a radio engineer and investigator of the eminence 
of Professor Fessenden has produced the submarine signaling 
transmitters which are known by his name. Similarly, in Ger- 
many, the development of submarine signaling apparatus first 
became possible thru the experience and knowledge which we 
had gained in the field of radio telegraphy. We have here an 
excellent sample of how scientific advances in one field may be of 
great benefit to other fields. 

At this point I wish to remark that this continual progress in 
submarine signaling apparatus is having a beneficial influence 
on related fields, as, for example, in the application of the same 
principles to apparatus for signaling thru the air by sound 
methods which are now being investigated along analogous lines. 
In particular, we have already succeeded in applying the results 
of submarine signaling investigations satisfactorily to one of the 
most important aerial signaling instruments, namely, the tele- 
phone. In this way we acoustic engineers hope to recompense 
our closely related field—radio telegraphy—to some extent for 
what it has done for us, and for this reason we feel in duty bound 
to investigate telephonic problems. 

A simple and most generally employed example of oscillatory 
systems for transmitting and receiving in radio telegraphy is that 
consisting of two coupled oscillatory circuits. This familiar 
arrangement is shown in Figure 1. At the left we see the trans- 
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FIGURE 1 


mitter, with the receiver at the right. Both transmitter and 
receiver consist of two oscillating circuits, one of which is a closed 
circuit, and the other consists of the radiating system or antenna. 
At the transmitter, the energy is transformed into oscillations 
in the closed circuit: circuit 1. In addition to the oscillation 
generator proper, which consists of a generator and spark gap in 
the illustration, the primary circuit of the transmitter contains 
10 


the capacity C and the inductance L. The antenna is coupled 
to the inductance L thru a suitable coil and forms the second 
oscillatory circuit of the transmitter. The receiver is quite 
similar. Energy is absorbed from the electric magnetic field 
by the antenna 1 and is transferred thru a suitable coupling to 
the secondary circuit 2, which also consists of а capacity C and 
an inductance L, and which further contains in this case а de- 
tector and telephone to give suitable indications of the incoming 
energv. Thus, in both cases we have a coupling of a radiating 
system with a closed oscillatory circuit. The closed circuits serve 
for the transformation of energy, and the radiating systems for 
the transfer of energy to or from the medium. 

We shall now show how the same oscillation engineering 
design is applied to а typical submarine signaling system. Be- 
fore doing this, we must mention the mechanical and acoustic 
analogues of closed electrical oscillatory circuits and of radiating 
antennas. 

In Figure 2 there is shown schematically a well-known 
acoustic oscillation system: the tuning fork. The dotted lines 
show the way in which the shape of the tuning fork is altered 
when prongs b b are set into oscillation in any way. The points 
a a of the fork, however, remain at rest, and are therefore nodal 
points, whereas the remaining portions of the fork, and parti- 
cularly the handle at the middle point of the fork c, also swing 
up and down. If, for example, the prongs b b move inward, the 
point c and the handle will move downward. 


FIGURE 2 


For our purpose, it seemed natural to use the tuning fork 
which is already generally known in acoustics, or a similar 
system as, for example, a reed. This was accordingly done. It 
very soon appeared, however that the desired results could not 
be obtained in this way. The reason for this is the following: In 

11 


these systems, mass and elasticity are not separated from 
each other, but instead are distributed over the entire system. 
An electrical analogue of this is well known to all radio engi- 
neers, and consists of coils oscillating in their own free period 
and in which inductance and capacity are also distributed over 
their entire surface. Such systems are, in general, unsuitable 
for use as closed circuits. Thus, if we apply an exciting or 
retarding force to such oscillatory systems, they tend to shirk 
the work by correspondingly shifting their nodal points. We 
were therefore forced to discover a mechanical acoustic oscil- 
latory system in which, as far as possible, elasticity and mass 
were fully separated from each other, exactly as in the usual 
closed electrical systems with concentrated inductance and 
capacity. Only after we had actually obtained such svstems 
were we ready to solve the problems which faced us. 

The arrangement of such a closed oscillatory system with 
separated mass and elasticity is shown in Figure 3. It consists 
of two masses (represented by the squares) and an elastic mem- 
ber connecting them (represented by the zig-zag line). A mechani- 
cal oscillation system consisting of one mass and elastic element 
has been previously frequently considered as typical of mechani- 
cal oscillatory systems. This is, however, not the general case 
of a closed mechanical-acoustie oscillatory system, but only a 
special case of the more general form shown in the figure, from 
which it is assumed, sometimes unconsciously, that one of the 
masses is infinitely large. 


FIGURE 3 


The generalized system consists rather of two masses and a 
single elastic element joining them. Assuming that such a 
system does not give out any energy, it oscillates about its eenter 
of mass. It follows, therefore, that the amplitudes as well as the 
velocities of both masses are in inverse proportion to their 
respective masses, from which it also follows that the energy 
of oscillation in each of the masses is inversely proportionately 
to the mass. These are very important facts. For example, 
this property of an oscillatory system leads to the possibility of 
a mechanical-acoustic transformation without the use of a lever. 
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The lever—the mechanical analogue of the electrical transformer 
—can be applied only in a limited way at frequencies of about 1,000 
cycles per second and more, such as are under consideration, be- 
cause at such frequencies it is only too likely to become an oscil- 
latory system itself, and thereby loses more or less of its property 
of transforming amplitudes of vibration. Furthermore, it is not 
possible at such high frequencies to use the usual forms of pivoted 
links. 

А practical attempt to produce such oscillatory systems for 
the high frequency of 1,000 cycles which is used in practice soon 
showed that elastic springs, having the necessary large elastic 
force, could not be built to have a sufficiently small mass. We 
had to employ а new arrangement of an elastic element which 
combined the smallest possible mass with the greatest possible 
elastic strength. This was the longitudinally strained rod or 
tube. In Figure 4 is shown such a mechanical-acoustic oscil- 
latory system consisting of two masses with a longitudinally 
strained rod between them. In this form, it has been possible 
to make such systems which even for frequencies of more than 
1,000 cycles per second had for practical purposes separated mass 
and elasticity. 


FIGURE 4 


The coupling of such oscillatory systems to each other can be 
most readily carried out by supplying a mass which is common 
to each of them. In Figure 5 are illustrated schematically two 
such coupled systems. Herein a and 6 are the masses of one 
system; f the connecting elastic element; c and b the masses of 
the other system; and f the elastic element connecting them. 
The mass which is common to both systems, or the coupling 
mass, is b. The magnitude of the coupling mass, as compared to 
that of the other two masses, determines the coupling coefficient. 

The expression T 
ac 


(a+b) (c+b) | 
gives the product of the ratios of the oscillation energy present 
in the coupling member to the total energy present in each of the 
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systems, and is called k?. If the common mass b is small com- 
pared to each of the free masses a and c, practically all the oscil- 
lating energy is concentrated in the coupling element and we 
have the case of a strictly closed coupling or К? is equal to unity. 
If, on the other hand, b becomes larger than a and c, the coupling 
becomes more loose, and we have approximately 
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FIGURE 5 
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We see here clearly the analogue to the coupling coefficient of 
two electrical circuits with their common inductance, which is 
well known to be 

_ M: 

Lil’ 

where L, and L, are the free inductances, and M the common or 
mutual inductance. As a and c become small compared to the 
coupling mass b, we reach the case of extremely loose coupling, 
and К? approaches zero. Numerous experiments verified. these 
formulas thru the widest range of conditions. It should also 
be mentioned that the consideration of these mechanical oscil- 
latory systems not only gives us a simple picture of the produc- 
tion of the two oscillation frequencies caused by coupling, but 
also enables us mentally to follow without difficulty the oscilla- 
tion phases of the separate masses. This coupled oscilla- 
tion system is particularly suited for the examination of all the 
phenomena which occur because of coupling, and is particularly 
convenient for those who find it difficult to think along purely 
electrical lines. 

In studying and investigating the more or less complicated 
electrical oscillatory systems, it is customary to subdivide them 
into separate closed electrical circuits which are coupled to 
each other in some fashion. In exactly the same way it is pos- 
sible to study the design of complicated acoustic oscillatory 
systems by using closed mechanical-acoustic oscillatory systems 
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as the basic form. It became possible only thru this means to 
get a clear idea of the oscillatory phenomena in sound signaling 
apparatus. 

In addition to the closed systems, we have open or radiating 
systems, which are known as antennas in radio telegraphy. In 
acoustics, a radiating system is one which has surfaces that move 
into and out of the medium periodically. The simplest example 
of such an acoustic radiating system is the pulsating or “‘breath- 
ing" sphere. The laws of radiation for such a system were 
worked out by Lord Rayleigh. In practice, however, the vibrat- 
ing diafram is of principal importance. We have succeeded, 
using Rayleigh’s work as a basis, in calculating the radration 
damping and equivalent oscillating mass of radiating systems 
and in particular for diaframs, just as this is possible for antennas 
in radio telegraphy. 

For the pulsating or “breathing” sphere, it is found that the 
oscillating mass of the medium is 


where R is the radius of the sphere, p is the density of the me- 
dium, and A is the wave length corresponding to the frequency 
in question. It can be seen from this that, in the practical and 
common cases, in which the radiator is small compared to the 
wave length, the associated oscillating mass of the medium is 
independent of the frequency, and approximately 


Mre =47 Rš p. 


The radiation damping (logarithmic decrement) of the pulsating 
sphere is given by 


R 
A = 2; 2 = Ж 
0 л 


It is assumed herein that the sphere itself is without mass; if it 
possesses а mass m, at 118 outer radius, it is found'that 


-oR M. 
б д М+т 
For the diafram, we have 
Mpe =04 R" p and ё=- 57. M , 
A М+т 


where R is the radius of the diafram, M is the associated oscil- 
lating mass of the medium, and m is the mass of the diafram 
itself, all of these being referred to the amplitude, of,the, center 
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of the diafram. These last formulas have been well rd 
tiated by numerous measurements and experiments on diaframs. 

In Figure 6 there is illustrated a cylindrical body which is 
closed on one side by a diafram. This is the simplified form of 
a radiating system for submarine signal engineering. We 
imagine this body to be surrounded by water, and its interior 
to contain air and the necessary exciting apparatus. The effect 
of this radiating system on the medium is due to the inward and 
outward vibrations of the diafram, whereby the medium is alter- 
nately subject to compression and rarefaction, and is moved to 
and fro. In the diafram, mass and elasticity are distributed 
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FIGURE 6 


over the surface in some fashion, quite as in the case of inductance 
and capacity distributed over an antenna. Just as we carry 
out our caleulations for the operation of coupled systems con- 
taining an antenna by reducing the antenna to an oscillating 
circuit with equivalent capacity and inductance, we have learned 
also to reduce this diafram system to an equivalent closed 
inechanical-acoustic oscillating system. For this purpose, we 
refer the mass of the diafram and the associated vibrating water 
mass of the free medium to the middle point of the diafram. 
The elasticity is referred to the same point, and thus we obtain 
the arrangement shown in Figure 7. Herein b is the sum of the 
masses supposedly concentrated at the middle point of the 
diafram, a is the mass of the housing or container, and f f is the 
elastic restoring force of the diafram also referred to its middle 
point. We see that we again have two masses in this case, which 
are connected to each other thru an elastic element. So that we 
have succeeded in reducing the diafram radiating system to the 
equivalent of a closed oscillating system. Thus we аге able, for 
any desired acoustic apparatus, to produce the correct cireuit 
diagram by successively representing each of the vibrating 
systems by the method given. 

In Figure 8 there is shown a microphone such as is widely 
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used аз a receiver infsubmarine signaling. It consists of two 
electrodes between which powdered carbon is placed. The right 
hand electrode is fastened to the housing of the microphone and 
the left hand electrode to the microphone diafram. On the latter 
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FIGURE 7 


FIGURE 8 


electrode there is also an arrangement for connecting to the 
middle point of the diafram. The microphone is а closed 
vibrating system. The two masses are those of the mass c and 
the mass b, and the elasticity is that of the microphone mem- 
brane m. A practical form of submarine signaling receiver is 
illustrated in Figure 9. There can be seen the housing of the 
receiver which is closed at one end by a diafram. The previously 
described microphone is fastened internally to the center of the 
diafram. The current is conducted to the microphone electrodes 
thru two flexible wires which lead to а cable passing thru a water- 
proof inlet into the housing of the receiver. The housing is, of 
course, surrounded by water, and contains air. The whole 
system consists of two coupled oscillation systems. The free 
mass of one portion is that of the receiver housing, and the other 
free mass is that of the housing of the microphone and the 
electrodes fastened to it. The common coupling mass of the 
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FIGURE 9 


two oscillating systems consists of a number of connected parts 
and includes the other microphone electrode, the mass of the at- 
tachment element of the microphone at the diafram, the oscil- 
lating mass of the diafram referred to its center, and the associ- 
ated oscillating mass of water also referred to this central point. 
From the magnitude of the two free masses and of the common 
coupling mass which is connected to them, the coupling coeffi- 
cient of the two vibrating systems can be calculated according 
to the previous formula. This gives one of the important 
characteristics of the two oscillating systems. 

In the case of submarine transmitters we are similarly con- 
cerned largely with coupled oscillating systems. 

This will be illustrated by a description of the electromagnetic 
transmitter which was developed in the laboratory of the Signal- 
Gesellschaft at Kiel. In Figure 10 we have a schematic diagram 
of a construction thereof, in which g is the housing of the trans- 


FIGURE 10 


mitter and a is the diafram which shuts the housing g at one side. 
The oscillation energy is produced by excitation of the mag- 
netic parts b and c by means of coils which are not shown. The 
masses b and c are connected by means of the elastic elements f f. 
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Each of these elements consists of а cylindrical rod and а tube, 
of equal cross-section. Their function is to bring together parts 
b and c, and yet to obtain for the longitudinally strained rods or 
tubes a length given by the desired oscillation amplitudes. 
We are dealing here with two vibrating systems which are 
coupled by а common mass and each of which has its own free 
mass. One vibrating system consists of the diafram a in the 
housing g; the other vibrating system consists of both magnetic 
portions b and c connected by the elastic elements f f. The free 
masses are c and д. The common mass consists again of different 
portions, and includes the magnetic portion b, the diafram mass 
referred to its center, апа the associated oscillating mass of water 
also referred to the center of the diafram. 

In Figure 11 is shown a schematic “circuit diagram" of this 
arrangement. Both free masses are given by the mass c and the 
mass of the housing g (which is drawn as a ring). The common 
mass is indicated as b. The two elastic elements are represented 
by the springs f f and e e. 
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FIGURE 11 


As will be seen, we are dealing here with two oscillating 
systems, one of which consists of the masses b and c and the 
spring f f, the other of the masses g and b and the spring e e. 
The coupling coefficient is again determined by the relation 
between the common mass and the two others. To obtain the 
best coupling coefficient and other desired results it is also neces- 
sary to tune the separate systems and to have suitable damping 
in each of them in relation to the coupling employed, just as is 
usually done in radio telegraphy. 

In conclusion there will be shown a number of illustrations 
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which will give typical examples of the employment of the sub- 
marine signaling transmitters which have been described. 

In Figure 12, а transmitter in its actual form is shown. At 
the left is visible the transmitter which consists of two portions, 
between which the coils for exciting the transmitter are placed. 
This transmitter can be excited either with direct and alternating 
currents (polarized transmitter) or with alternating current alone 


FIGURE 12 


(unpolarized trsnamitter). In the former case, the acoustic and 
clectric frequencies are the same: whereas in the latter case the 
acoustic frequency is twice the electric frequency. It may be 
mentioned briefly that the unpolarized transmitter is especially 
desirable in cases where a long cable is necessary for transmitting 
energy since there are then only needed two conductors in the 
cable, and in the case of ground return only one conductor. 

Both magnetic portions are connected thru an elastic tube 
and rod system which consists of four such elastic members. The 
entire apparatus is screwed to a diafram, the outer rim of which 
is provided with fastening screws. By means of these screws 
the diafram can be fastened to the housing shown at the right. 
An electric cable is led into the housing thru a water-tight open- 
ing, and an alternating current from a generator, or the neces- 
sary direct current for polarization in addition (in the case of 
polarized transmitter) is sent thru the cable. 

In Figure 13 such а transmitter is shown attached to a tripod 
which is suitable for location on the sea bottom in the open ocean. 
The cable passes from the transmitter down one leg of the tripod 
and then over the: sea bottom to a land point. 
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FIGURE 13 


An entire installation of this sort is illustrated in Figure 14. 
The tripod stands on the sea bottom and the cable runs from it 
to the power station on land which is assumed to be located in 
in the neighborhood of a lighthouse. The transmitter sends 
sound waves out in all directions. Consequently all ships passing 
this point are able to receive the signals of the sound transmitter. 
They can even steer their course in accordance with these sig- 
nals, as is nowadays done in foggy weather by utilizing the 
signals from submarine bells on lightships. 

The first installation of this type was installed on the island 
of Rügen, near the German harbor of Sassnitz, several years ago. 
The railway ferry to Trellborg, а Swedish harbor, leaves this 
point. The transmitter is placed close to the lightship “Jas- 
mund"' and is intended to replace the latter. 

The power installation of this transmitter is given in' Figure 
15 which, at Rügen, is located in the machinery room.of h light- 
house. In the background can be seen the switehboard, and in 
the foreground the converter. In this case, 50 cycle polyphase 
power was available. This is first transformed into direct cur- 
rent. А motor generator then produces the 1,000 cycle single 
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phase alternating current. "The direct current is also used for 
polarizing the transmitter and for operating various pie.es of 
auxiliary apparatus. 


FrGURE 14 


FIGURE 15 
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The laying of the cable is shown in Figure 16, and illustrates 
the beginning of the process at the land end. In the background 
are seen the well known chalk cliffs of the island of Rügen. 
Figure 17 shows the laying of the cable in the ocean, Figure 18 
the cable reel during the laying process, while Figure 19 shows 
the transmitter on its tripod during attachment of the cable 
and shortly before its submersion and setting up on the sea 
bottom. 
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FIGURE 16 


FIGURE 17 
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FIGURE 19 


All the various sorts of submarine signaling apparatus are by 
no means covered by these two examples. There are several 
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other forms of such apparatus which differ more or less from 
those described. But they almost always involve mechanical- 
acoustic oscillations which are produced or absorbed by means 
of oscillating systems. It is therefore desirable in the design and 
improvement of all such apparatus to proceed from the funda- 
mental principles given above and to use the suitable ''circuit dia- 
grams" for determination of the oscillation engineering design 
of such apparatus. | 
The problems which have to be solved in submarine signal 
engineering are numerous, and to a large extent their field of 
application is similar to that of radio telegraphy. In some cases 
their applications are identical, as for example, in the methods 
of determining distance which depend upon the simultaneous 
reception of radio telegraphic signals and submarine signals from 
a certain point, such signals being sent, for example, from a light- 
ship. There are other important cases where these two methods 
of signaling powerfully supplement each other, and their recipro- 
cal contributions are therefore not only to be expected in the 
field of theoretical and experimental investigations, but also in 
the direction of practical application. I therefore hope that the 
material given here has been of interest to radio engineers. 


SUMMARY: The acoustic systems corresponding to closed oscillatory 
electric circuits, to radiating electric systems, and to coupled circuits, are 
described. The design of submarine signaling transmitters and receivers on 
an engineering basis is described, and actual installations are discussed. 

The resemblance of submarine signaling engineering and radio engineering, 
and the relation between these fields are considered. 
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NOTE ON THE MEASUREMENT ОЕ RADIO SIGNALS* 


Bv 
C. R. ENGLUND 


ENGINEERING DEPARTMENT, WESTERN ELECTRIC Company, NEW YORK) 


In 1917 (PROCEEDINGS OF THE INSTITUTE OF RADIO EN- 
GINEERS, volume 5, page 248, 1917) the writer advocated the 
method of measuring radio signals where a measured local input 
is compared with the signal to be measured. Such measurements 
have since been made in several quarters, but it is only recently 
that the writer himself has had the opportunity of working out 
the details for a successful measurement. In the following brief 
discussion this particular method and results are described. 


INTRODUCTION 


It is doubtful if any direct method of measuring radio signals 
of present-day intensities can be devised, the more so as with the 
increasing number of stations, a highly selective receiving 
apparatus is necessary for selecting the desired radiation. This 
leaves the indirect method of which the two variations are, a 
calibrated receiving set, and a local generator comparison, 
respectively. These two variations differ only slightly since the 
calibration of a receiving set requires the construction of a 
generator capable of delivering a minute measured input and the 
construction of such a generator automatically allows of the 
calibration of receiving sets. This calibration has been found 
readily possible, but at present the local comparison method 
appears the better for routine work, leaving the particular type 
and adjustment of the receiving set arbitrary. 

Three means of identifying signal equality have been used in 
this laboratory, namely, the telephone receiver, the Braun tube, 
and a direct current meter. The former is usually, in telephone 
work, considered good for an accuracy of + 1 mile of standard 
cable or approximately + 12 percent. For radio work, with 
static present, this comparison is less accurately made. The 
telephone is particularly applicable to measurements during 


*Received by the Editor, September 18, 1922. 
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regular operation using аз comparison source а local generator 
with its output broken up by a key as with the ordinary ‘‘om- 
nigraph." The accuracies obtainable by a meter are limited 
only by the errors in reading the scale when static is absent, but 
fall off rapidly as static increases. A meter can only be used by 
pre-arrangement with the sending station, in telegraphic trans- 
missions, as the sending key must be held down several seconds, 
but is immediately applicable for radio telephone measurements 
where the antenna current remains unbroken. 

The accuracies obtained by the Braun tube have not been 
fully determined. Under moderate static conditions it excels 
the telephone on telegraphic signal measurements, but it becomes 
useless with excessive static. In practice the beam of electrons 
is deviated by а local alternating current source so as to give а 
bright line on the target and the incoming signals used to sweep 
this line at right angles to itself. The edges of the resulting 
rectangle are then easily defined thru moderate static. 

Comparison methods may be listed as: 

(a) Primary—where a local emf. is induced in the receiving 
antenna equal to the total emf. induced in this antenna by the 
signal to be measured; and, 

(b) Secondary—where an emf. drop across an impedance 
favorably located in the antenna and associated circuits, and due 
to the resulting signal currents, is compared with the locally 
generated emf. In the first case, a knowledge of the antenna 
constants is unnecessary (except for such geometrical data as 
will allow а calculation of the ether electric field from the in- 
duced voltage resulting) and static is always present as it must be 
for telephonic comparisons. It is however more difficult to 
generate and control, at exactly the signal frequency, the smaller 
emf. thus needed. In the second case much larger апа more 
easily measured inputs (not necessarily of signal frequency) 
may be used, but the antenna system must be carefully measured 
as a knowledge of its circuit constants is required. In either case 
the only requirement for the rest of the receiving set is that it be 
able successfully to select and amplify the desired signal. 

For telephonie comparison it is necessary to switch rapidly 
from one input emf. to the other, and this can only be done for 
case (a), by using a rotating directive antenna (loop), or a pair 
of similar ones at right angles, unless by pre-arrangement the 
signals are regularly “оп” and “off.” At times the directivity 
of the static will give different interfering inputs on crossed dir- 
ective antennas. For case (b) the local input can, if desired, be 


“ng 


27 


of а different frequency if applied directly to the detecting ele- 
ment. This is very easily obtained by beat reception, as for 
example by adjusting the beating oscillator frequency so that 
by adding a key and fixed reactance to this oscillator, the 
operation of the key will alternately "zero beat” the signal and 
local generator frequencies. 


EXPERIMENTAL WORK 


This particular work was begun in October, 1921, at Cliff- 
wood, New Jersey, and for several reasons Nauen, Germany 
(POZ), was chosen as the original signal source. While the- 
oretically the receiving set used is immaterial, practicallv this 
was not found to be the case, since other interfering radiations 
differed too little in frequency from that of Nauen. The follow- 
ing table of stations and their nominal frequencies illustrates this. 


Marion............... WSO 26,100 cycles 
Stavanger............ LCM 25,000 cycles 
Nauen............... POZ Number 1 23,800 cycles 
Bolinas............... KET 22,470 cycles 
New Brunswick....... WII 22,050 cycles 
Carnarvon. .......... MUU 21,130 cycles 


The worst interference came of course from Marion and New 
Brunswick. The primary requirement of the final measuring 
system was that it must be reasonably simple and portable, and 
this made a portable loop antenna necessary. Attempts were 
first made to obtain such a good loop zero on New Brunswick 
(distant about 11 miles or 17.6 km.) that this station would be 
eliminated, after which Marion could be sufficiently reduced by 
tuning so as not to interfere at the high pitched beat note result- 
ing. This balancing out of New Brunswick was successfully 
accomplished out of doors, but in the laboratory the outside 
telephone line and the conduits for the power and lighting sup- 
ply made a zero balance impossible. Accordingly a decided 
sharpening of the selectivity of the receiving set was made and 
the shielding of the set very carefully carried out. "The resulting 
apparatus is shown in the wiring diagram of Figure 1 and gave 
excellent results. No other station but the desired one is heard 
during the measurements. А frequency-output curve for the set 
from loop to meter is given in Figure 2. The width of this 
resonance curve can be altered at will by adjusting the coupling 
condensers (4) of Figure 1, and the resonance frequency by 
varying condensers (5). With the constants given, an ether 
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little stray magnetic field and the electrostatic field is very easily 
shielded out. 

The attenuation box is а carefully constructed artificial line 
of pure resistances and gives key settings of 1, 2, 3, 4, 10, 20, 30, 
and 40 miles of standard cable and combinations of these. Its 
surge impedance is 600 ohms and its construction shown in 


Figure 3. 
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It gives very satisfactory results at the moderate radio fre- 
quencies used here, the key combinations checking against each 
other, and input and output current ratios being correct to the 
degree of accuracy with which meters can be read. 

From the attenuation box the current is carried thru a copper 
tube to a copper terminal box on the loop base, and the drop 
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across а non-reactive 1 ohm resistance inserted in the loop. 
The conductor in the tube can be short circuited in the terminal 
box, and after removing the loop connections three milliamperes 
sent thru the tube without giving an audible response in the set. 
The total capacity between the central connector and the tube 
is about 200 micro-microfarads. With the heavy central con- 
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FIGURE 3 


ductor used, the series resistance and inductance are so small 
that with a terminal impedance of 1 ohm the current attenuation 
thru the tube is, by calculation, considerably less than 0.1 per- 
cent. Three sources of error may be encountered. They are, 
in order of importance, inaccuracy in making the comparison, 
the distortion of the ether field by adjacent conductors, and the 
off-balance to ground of the loop. It is also probable that the 
use of too high attenuations in the attenuation box is risky, but 
this source of error can only be exposed by an independent 
method of accurately attenuating a small current to values 
unmeasurably directly. It has been found possible mostly to 
make aural comparisons to an accuracy of two miles of stand- 
ard cable (24.4 percent.) and three miles (39 percent.) is never 
exceeded. Measurements on Nauen are never quite free of 
static, and so far a meter reading has not been possible. With 
the Braun tube, settings to better than 1 mile of standard cable 
are possible with moderate static. 

The effect of adjacent conductors has so far only been noticed 
in connection with the local ungrounded wire telephone line, but 
it is probable that power circuits and conduit would shew up 
in more accurate measurements. Incidentally a source of much 


31 


NAUEN OBSERVATIONS 


Microvolts 
per Meter 


Frequency 
Approximate 


Time 
11.15 A. M. 23,600 
3.45 P. M. 23,600 
10.00 A. M. 23,600 


10.00 A. M. 
10.00 A. M. 


11.35 À. 


11.45 A. M. 


2.45 P. 
9.15 A. 


12.25 P. 
4.15 P. 
12.30 P. 


4.46 P. 
9.05 A. 
4.30 P. 


11.35 A. 
1.45 P. 


11.05 A. Î 


2.10 P. 


23,500 
23,510 
23,450 


23,540 
23,400 
23,540 


23,600 
23,540 
23,500 


23,560 
23,640 
23,590 


23,460 
23,480 
23,440 


23,466 
23,487 
23,560 


23,532 
23,488 
23,517 


23,576 


trouble is due to the careless manner in which the electric power 
companies insulate their conductors, and on some days of strong 
wind and rain the New Jersey coast region becomes an extended 
source of severe interference to every receiving station having 
outside power or telephone connections. 

The circuit shown in Figure 1 does not allow of a balancing 
of the loop to ground, but the unbalance effect has been shown 
to be negligible. 

The apparatus described was, as stated, designed to measure 
Nauen's radiation and possesses enough flexibility to follow the 
rather marked variations in Nauen's frequency, but cannot cover 
any extended frequency range. For these, other condenser- 
coil combinations will be necessary, а change now being made. 

The method of manipulation is as follows: & reading on a 
vacuum tube voltmeter or Braun tube connected to the output 
of the set is obtained with the loop end-on into the radiation and 
the same deflection duplicated by the local generator with loop 
broadside to the radiation. Or the vacuum tube voltmeter 15 
replaced by a telephone and the two inputs alternately com- 
pared by turning loop and throwing the local generator on, the 
latter meanwhile, being broken up into signals if necessary as 
with Nauen. The voltage induced in loop is given by 


where 
f = frequency 
А =loop area in cm.? 
N = number of turns 


E = ether electrical field (хон) 
cm. 


A table of some observations on Nauen is attached. These 
are “key down" or peak field measurements. 


SUMMARY: A portable compact measuring unit for incoming signal 
strengths has been worked out, capable of measuring from 3.5 microvolts per 
meter up, at 23,500 cycles, and giving satisfactory results. The measurements 
are made by a primary comparison with a locally generated emf. by means of a 
highly selective receiving unit and a 600-ohm artificial line box especially made 
for this purpose. The method is equally applicable to other frequency ranges 
and should be especially convenient at the higher radio frequencies where the 
absence of static allows of meter comparisons and the use of the double 
detection method of reception. This latter method allows of a fixed filter 
adjustment for all frequencies and is very flexible. 
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RELATIONS OF CARRIER AND SIDE-BANDS IN RADIO 
TRANSMISSION* 


Bv 
R. V. L. HARTLEY 


(WESTERN ELECTRIC COMPANY, INCORPORATED, NEW YORK) 


As indicated by the title, this paper will discuss some of the 
phenomena associated with radio transmission in terms of the 
carrier currents and side-bands into which а modulated wave 
may be resolved. The use of these terms implies a point of view 
which perhaps is employed less commonly in radie engineering 
than in some of the other branches of the communication art. 
For this reason, I shall, at the risk of repeating much that is 
already in the literature,! review such of the fundamentals of this 
viewpoint as are necessary to an understanding of what is to 
follow. 

ANALYSIS OF A SIGNAL WAVE 


Briefly stated, the point of view is that any signaling wave may 
be resolved into sustained sinusoidal components, which may be 
thought of as traversing the system as individual currents and 
recombining at the receiving end to form the reproduced signal. 
The possibility of such a resolution has been demonstrated mathe- 
matically and the formulas for evaluating the amplitudes and 
phases of the components are well known. А periodic wave 
may be expressed as a Fourier series, that is, as the sum of an 
infinite series of components the frequencies of which may be 
thought of as harmonics of a fundamental frequency which is 
equal to the frequency of repetition of the wave. Such a reso- 
lution, however, is not directly applicable to the waves employed 
in communication, for by their very nature they are not periodic. 
А communication system must be capable of transmitting any 
individual symbol regardless of what precedes or follows it. We 

*Received by the Editor, October 13, 1922. Presented before THE 
INSTITURE OF RADIO ENGINEER8, New York, December 13, 1922. 

1 “Carrier Current Telephony and Telegraphy," by E. H. Colpitts and 
О. B. Blackwell; “Transactions of the American Institute of Electrical En- 
gineers," volume XL, page 205, 1921. “Application to Radio of Wire Trans- 


mission Engineering," by L. Espenschied; presented before THE INSTITUTE 
or RADIO ENGINEERS, January 23, 1922. 
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may, however, resolve such an aperiodic wave by the mathemati- 
cal device of assuming it to be one cycle of & periodic wave in 
whichtheinterval betweensuccessive occurrencesofthe disturbance 
in question approaches infinity. The frequency of repetition is 
then infinitesimal. The fundamental frequency of the Fourier 
series and the frequency interval between adjacent components 
are also infinitesimal; that is, the scries of discrete lines of the 
Fourier series spectrum merge into & continuous spectrum. 
Mathematically this continuous spectrum is represented by the 


expression F (t) = f S cos (q t-- €) dq, (1) 


which is known as the Fourier integral. Physically we are to 
picture this infinite series of sustained sinusoids as having such 
amplitudes and phases that the algebraic sum of their instantane- 
ous values is zero for all instants before and after the disturbance 
in question, and equal to the instantaneous value of the wave 
thruout its duration. In Figure 1, curve А represents а telegraph 
dot, curve B gives the relative amplitudes, S, of its components 
plotted against their frequencies, and curve C, their phase, 6, 
also as a function of frequency. The so-called “dot frequency" 
corresponding to а sustained succession of such dots is indicated 
on curve В. 


It is obvious that if either the amplitudes or the phases of 
the components be distorted, their instantaneous sum will be 
changed; that is, the wave resulting from their re-combination 
will be a distorted reproduction of the original wave. Also, those 
parts of the frequency range in which the amplitude is negligibly 
small can contribute little to the reproduced wave, and the 
climination of all components in those ranges will have little 
effect on the quality of reproduction. Just what ranges it is 
essential to retain depends upon the nature of the signal and the 
standard of reproduction that is set up., What is important for 
present purposes is the fact that the faithfulness with which a 
system will reproduce any arbitrary signal disturbance is de- 
ducible, in theory at least, from a knowledge of its transmission 
of sustained single frequencies. By this is meant а knowledge 
of how the relation, both in amplitude and phase, between the 
input and output sinusoidal wave varies as the frequency of the 
wave is progressively varied thruout the frequency range. 


ANALYSIS OF А MobULATED WAVE 


Let us assume now that a radio system is called on to trans- 
mit such a signal wave, F(t), which may be either a telephone 
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or a telegraph signal. If, as is commonly assumed, the modu- 
lator causes the amplitude of the carrier wave, C cos pt, to be 
varied in accordance with the signal, the resulting modulated 
wave may be expressed as 


m=C [1--kF (t)] cos pt, (2) 


where k is a factor which measures the so-called degree of modu- 
lation. If the largest negative value of k F(t) is just equal to 
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unity, so that the instantaneous amplitude of the carrier wave just 
falls to zero, the modulation is said to be complete. "The sig- 
nificance of complete modulation will be discussed later. 

Now let us resolve the signal wave into its infinite series of 
components, each of the form S cos (qt 4-9), where Š and @ vary 
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with the frequency x Neglecting non-essential frequencies, q 
л 


may be considered to cover a range from qi to ge. If this value 
of F(t) be substituted in (2) we get 


Q2 
m = C cos рі +k C cos xf S cos (qt 4-9) dq. (3) 
q! 


The first term, which is independent of the signal, represents 


a component having the carrier frequency, — . The second 
т 


term represents an infinite series of terms each derived from only 
one component of the signal. Hence each component of the 
signal is represented in the modulated wave by an expression 
of the form, 


k C S cos (qt 4-9) cos pt = 5k C S [cos [[p +q)t+@] + 


cos [(p —4)t — eJ. (4) 
This represents two sinusoidal components, the frequencies of 
which differ from that of the carrier by the frequency of the par- 
ticular signal component. The similar expressions for the other 
signal components each yield à pair of components similarly 
placed with reference to the carrier. All of these taken together 
form & pair of spectra or frequency bands extending on either 
side from the carrier frequency in the same way that the spec- 
trum of the signal extends from zero frequency. These bands 
of frequencies are spoken of as ''side-bands" and the component 
currents of these frequencies as ''side-band currents," or, more 
often, simply as ''side-bands." The side-band which extends 
upward in frequency from the carrier is called the “иррег side- 
band," and the other, which extends downward, the “lower side- 
band." 
The form of these side-bands is shown schematically in Figure 
2, where purely arbitrary curves are used to represent the ampli- 
tudes and phases of the signal components over a limited fre- 
quency range. 1% will be seen that the corresponding curves 
for the upper side-band are derived from these by displacing them 
along the frequency axis by the amount of the carrier frequency. 
The amplitude curve of the lower side-band is derived by in- 
verting that of the upper with respect to the carrier frequency. 
For the phase curve of the lower side-band that of the upper is 
to be similarly inverted and also reversed in sign. The actual 
magnitude of the side-band currents relative to the carrier de- 
pends on the degree of modulation, k, of equation (2). For com- 
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mercial telephony the limits of the essential band may be taken 
roughly as 200 and:2,000' cycles. If high quality speech or music 
is to be transmitted, a wider band is required. For telegraphy 
the band width: requiréd varies widely with the speed of sending 
and the type of apparatus used. In general, it is desirable to 
preserve very low frequencies, which means that the two side- 
bands practically meet at the carrier frequency. 


AMPLITODE AND PHASE AMPLITODE AND PHASE 
CHARACTERISTICS OF SIGN AL CHARACTERISTICS OF SIDE-BANDS 


FIGURE 2 


REPRODUCTION OF THE SIGNAL WAVE 


Having arrived at a picture of the modulated wave as given 
by equation: (4), we shall first discuss the reproduction of the 
signal from this аз it stands, and then consider the effect on this - 
reproduction of various modifications to which the modulated 
wave may be subjected before or during the process of detection. 
While any device in which the current voltage characteristic is 
non-linear may be used as a detector, the operation of the vacuum 
tube lends itself to analysis because of its approximation to a 
parabolic current voltage relation. That is, we may write, 


i = ao +a + aa”, (5) 


where г is the voltage impressed on the grid, in this case the 
modulated wave, and 7 is the resulting current. As the first 
term is independent of v and the second represents simple ampli- 
fication, detection? can result only from the third term, av’. 
Since аз multiplies all components of v? alike, we may neglect it and 
simply consider the square of the expression for the modulated 
wave. This results in a series of terms which are the squares 
? [n practice this parabolic law seldom holds strictly, and secondary con- 
tributions are made to the detected wave by terms of higher power. 
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of the individual components and another which аге their 
products taken in pairs. Since 


соз? х= > (1+ cos 2х), (6) 


the square terms will yield only direct current, and currents of 
approximately twice the carrier frequency. The product terms, 
each of which contains the product of two cosines, may, as in 
the case of the modulated wave above, be transformed into the 
sum of two cosine terms the frequencies of which are respectively 
the sum and difference of the component frequencies. Of these 
only the difference frequencies can lie in the range of the original 
signal. In other words, we may think of the reproduced wave 
as made up of the sum of all the heterodyne beat notes resulting 
from all the pairs of component sinusoids of the modulated wave. 

The carrier component, C cos pt, beating with a component 


of the upper side-band, > ЕС S cos [(p+q)t+@], equation (4), 
gives the beat note or reproduced component, 
т = z kC? Scos (qt -- e), (7) 


which is identical in frequency and phase with the correspond- 
ing component of the signal, and has an amplitude proportional 
to that of the signal component. Exactly the same expression 
results from beating the carrier and the corresponding com- 
ponent of the lower side-band. These two low frequency com- 
ponents, being in phase, add directly to give 

r= k С? S cos (qt +©) (8) 
as the reproduced component. As the factor k С? is independent 
of q, all of the signal components are reproduced with the 
same relative amplitudes and phases, asintheoriginalsignal. Their 
sum is therefore k C? F (t), and the signal is accurately repro- 
duced. 

However, there are still other components of the modulated 
wave to be considered. Every pair of components in one side- 
band beat to give the difference of their frequencies, which is also 
the difference of the corresponding signal components. The cor- 
responding pair of components of the other side-band yield an 
identical component and the two add in phase. Similarly every 
component of one side-band beats with every component of the 
other, giving in each case the sum of two component frequencies 
of the signal wave. Like the difference frequencies, each of 
these sum frequencies is produced twice. The combination of 
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the components of the two side-bands which were derived from 
the same signal component yields à component of twice the fre- 
quency of the signal component. The addition of these extrane- 
ous components serves to distort the reproduced wave in a man- 
ner quite similar to that of external interference. It is of inter- 
est therefore to consider the magnitude of these distorting com- 
ponents relative to the reproduced signal. The product of two 


side-band components of amplitudes > kCS and ; BCS’, 


equation (4), gives as the amplitude of one of the two components 


/ 
of the difference frequency 7 5 q ; Há C*SS'. Comparing this 
c 


with the amplitude, : kC*S, equation (7), of one of the two 
reproduced signal components of frequency 2 the ratio of the 
л 


undesired to desired component is found to be ; kS'. It isevi- 


dent that this type of distortion increases with the degree of 
modulation, k, or, as will be discussed more fully later, with the 
ratio of carrier to side-band.? 


SINGLE SIDE-BAND TRANSMISSION 


So far it has been assumed that the wave applied to the 
detector is identical with that produced by the modulator, a 
condition seldom encountered in practice. For, in addition to 
the undesired modifications which the modulated wave under- 
goes because the transmission characterictics of practical circuits 
are not ideal, there are other changes which when properly made 
vield distinct advantages. "These intentional changes will be 
discussed first. 

It will be remembered that any component of the signal can 
be reproduced by the combination of the carrier with either side- 
band. Hence it is unnecessary to transmit both side-bands. 
Suitably designed electrical filters make it possible to transmit 
one side-band and effectively suppress the other.* This makes 
possible a very great saving in the frequency range required 
per channel. It is of particular importance for long wave radio 
telephone transmission where the width of а single side-band 15 
so large a fraction of the total frequency range available that the 


з A similar form of distortion generally occurs in modulation, resulting 
in new components being produced in the frequency range of the side-band. 


‘Tor a description of such filters see the Colpitts and Blackwell paper 
referred to above. 
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number of independent channels is at best very limited. The 
intensive development of a limited frequency range by the use 
of single side-band transmission has probably progressed far- 
thest in connection with carrier telephony over wires. Here 
commercial service is being given over circuits on which the car- 
rier currents of adjacent channels are separated by only 3,000 
eycles. It is obvious that the transmission of both bands would 
nearly double this separation, thereby halving the number of 
channels per circuit. There is, of course, no reason why similar 
savings may not be effected in the field of radio transmission. 
In addition to this major advantage there is an incidental im- 
provement in the quality of reproduction, for the distorted com- 
ponents resulting from beats between components of the two 
side-bands, that is, the sums of the signal frequencies, are elim- 
inated. 


CARRIER SUPPRESSION AND HOMODYNE RECEPTION 


The other important modification has to do with the so- 
called *unmodulated" component of carrier frequency, С cos pt, 
in equation (3). As already pointed out, good signal reproduc- 
tion requires that at the detector this shall not be too small 
relative to the side-bands. However, it is merely а continuous 
alternating current, and does not itself partake of the signal 
variations. It is therefore immaterial whether it is transmitted 
from the modulator or is supplied to the detector by a local source 
such as an oscillator. The elimination of this component from 
the modulated wave at the sending station is spoken of as ‘‘car- 
rier suppression," and its re-introduction at the receiving end 
as “homodyne” or “zero beat" reception. The term homodyne 
implies supplying the same wave as distinguished from hetero- 
dyne, meaning another. Zero beat refers to the bringing of the 
local carrier into synchronism with the sending carrier by re- 
ducing the beat note between them to zero frequency. While 
homodyne reception is essential to carrier suppression, the re- 
verse is not true. The reception of an ordinary modulated wave 
may sometimes be improved by the addition of carrier at the 
receiving end. 

The primary advantage of carrier suppression lies in the 
saving of sending power which it makes possible, or, what is 
equivalent, the increase in range made possible when all the power 
of a given station is utilized in the side-band. Of the various 
ways in which this suppression may be accomplished, the sim- 
plest is by the use of a so-called balanced modulator as shown 
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schematically in Figure 3. Carrier frequency from the source 
C is applied to the grids of two vacuum tubes in the same phase, 
while signal currents, indicated at S, are applied to the two in 
opposite phase. The two plate circuits are differentially con- 
nected with a common output citcuit. In the absence of signal- 
ing current the amplified carrier frequency currents from the 
two tubes neutralize each other and nothing is transmitted. 
With the application of signaling current one grid is raised in 
potential and the other lowered, with the result that more radio 
frequency is developed by the first tube than by the second and 
the excess appears at O. The magnitude of this radio frequency 
current 1s proportional to the instantaneous value of the signaling 
current. Upon reversal of the direction of the signaling current 
the effect of the second tube predominates and radio frequency 
is again transmitted, this time with the phase reversed, owing to 
the differential connection. The wave form of a signaling cur- 
rent and the resulting output current are roughly as shown in 
Figure 4, A and B. If this output be amplified for transmission 
there will be no load on the amplifier and antenna except during 
actual speech, when it will be proportional to the intensity of 
the speech. 


Q+ 


s= =s 


FIGURE 3— Balanced Modulator 


That these intermittent pulses of carrier frequency produced 
by a balanced modulator are equivalent to a modulated wave 
from which the carrier frequency component has been removed, 
may be easily shown. Consider a single sinusoidal component 
S cos (qt 4-9), of the signaling wave which is applied to the bal- 
anced modulator. The resulting output current is а wave of 
carrier frequeney, the amplitude of which is proportional to C 


and to S and varies cyclically with a frequency x. between the 


values +c S and —KC S, where K is a constant of propor- 
tionality and the negative amplitude indicates a reversal of phase 
during half of the audio frequeney eyele. Such a variation may 
be represented by the expression 

т= K C 5 cos (qt+®) cos pt. (9) 
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Taking the sum of these expressions for all the components of 
the signal gives the second term of Equation (3) which was shown 
to represent the side-bands. 

In estimating the power saved by carrier suppression the com- 
parison should be made with a system transmitting the carrier 
which has been so adjusted that the power is used to the best 
advantage. So far as a single signal component is concerned 
this would call for making the carrier and side-band equal, as 
their product would then be a maximum. This, however, would 
imply that the distorting currents from the interaction of two 
side-band components would be as large as the signal currents 
themselves. That is to say, quality considerations require that 
the major part of the transmitted power be in the carrier com- 
ponent. Quantitative data on the relation between the ratio 
of carrier to side-band and the quality of transmission has been 
secured in the laboratories of the Western Electric Company, 
and it is hoped it will be published in the near future. Briefly, 
the results indicate that the good quality which is obtained when 
the carrier component is large falls off very rapidly as the mag- 
nitude of the carrier component is reduced so as to approach that 
of the side-band, the latter being measured when a sustained 
"ah" sound is used as the signal. Under these conditions the 
side-band is sustained at a value about equal to the maximum 
occurring in ordinary speech. That is to say, even the peak 
power in а carrier suppression system is less than the car- 
rier component alone in an ordinary system adjusted to give 
the same side-band. From these considerations it appears 
that there has been а tendency to attach undue signifi- 
cance to “complete modulation," as a more or less unique 
and ideal condition of operation. For nothing revolutionary 
occurs as the carrier is decreased thru the value corresponding 
to that condition. The distortion due to interaction between 
the side-bands is present for larger values of carrier and continues 
to increase progressively for smaller values. The exact degree 
of modulation to be permitted therefore depends upon the stand- 
ard of quality to be met. In а carrier suppression system the 
degree of modulation, k, approaches infinity more or less closely 
depending on the completeness of the suppression. 

In addition to making possible the use of carrier suppression, 
homodyne reception presents other advantages. It furnishes a 
ready means of increasing the intensity of the reproduced signal, 
since this is proportional to the carrier component at the receiver 
as well as to the side-band. Also, by making the carrier large, 
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k is made very small and the distorting currents due to inter 
action of the side-bands become negligible. The use of a large 
local carrier in homodyne radio telephony assists in frequency 
selection in the same way as does the hetrodyne wave in radio 
telegraph reception. Suppose an interfering message is separated 
from the desired one by only a few thousand cycles and so is not 
entirely suppressed bv the receiving selective circuits. Currents 
of voice frequency can be reproduced from its side-bands only 
by interaction with its own carrier, and hence they will be sinall 
compared with those of the desired message, which are propor- 
tional to the local carrier. On the other hand, the large currents 
due to the interfering message and local carrier will all have fre- 
quencies above the voice range. and so can be suppressed by 
selective circuits in the output of the detector. 

The same general reasoning applies also to static interference. 
Appreciable interfering currents of signal frequency can result 
only from those components of the static wave which lie in the 
frequency range of the side-bands. Moreover, they will bear 
the same ratio to the signal currents as do the static components 
to the side-band components. We тау conclude, then, that when 
means are provided for eliminating all of the static except that 
which is inherently inseparable from the signal, the disturbing 
effect of the residue is determined solely by the relative magni- 
tude of the s?de-band components and the static components 
which lie in the same frequency range. As the object of high 
power stations is to make the signals large compared with the 
static, the importance of concentrating the power in the side- 
bands rather than in the carrier is obvious. 


EFFECT or RADIO DisTORTION 


Let us pass now from the intentional modifications of a modu- 
lated wave and consider the effects of unintentional distortions. 
Limiting our attention first to systems in which the carrier is 
transmitted, we have to consider the effect of distortion such as 
might be introduced by the sending and receiving circuits and 
the transmitting medium. Assuming the characteristics of these 
to be known in terms of their transmission of sinusoidal compon- 
ents of various radio frequencies, we wish to determine their effect 
on the amplitudes and phases of the components of the reproduced 
wave. We shall assume the current voltage relations in the trans- 
mission system to be linear, so that no new frequencies are in- 
troduced. "Then any possible distortion in the modulated wave 
may be represented by assigning the proper amplitudes and 
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phases to all of the components. Corresponding to а single 
component of the signal we may write for the received wave 


m = B cos (pt 9) +B, cos [(p+q) t--6 —$ ,]- 
B_cos[(p—q)t—9—-$¢_] (10) 
where the amplitude, B, and phase lag, $, may vary in any 
arbitrary manner for the different components of the modu- 
lated wave. We shall assume that B is always large enough 
compared with В; and B. that the interaction between the 
side-band components may be neglected. It will be seen that 
the single frequency components reproduced from the two side- 
bands are not in general equal nor in phase and may either aid 
or tend to neutralize each other. They will be of the form, 


B (в, cos [q1 +O— (ф+ –Ф)|+В_ cos [qt + 
e-(-eJ] ^ n 


Taking the resultant of these two gives as the component of the 
reproduced wave, 


т = R cos (q t+@ — y^) (12) 


where 

R=BV B?,+B?_+2B, В_ соз |(ф+—ф)—(ф—Ф_)] (13) 
tanya B+ sin (#+—-$)+B-sn(6—$3) ay 

B + cos (6 + — $) +B -cos($ — $ -) 

It is evident that both the amplitude, R, and the phase shift, 
yr, of the reproduced component depend upon both the amplitudes 
and phases of the corresponding components of both side-bands 
and on the phase of the carrier. The amplitude depends also 
on the amplitude B of the carrier, but as variations in this affect 
all components alike, they do not alter the wave form of the re- 
produced signal, but only its magnitude. 

The expressions for the reproduced wave become much 
simpler for a system in which one side-band, say the lower, is 
suppressed. Then 


B_=0 (15) 

and equations (13) and (14) reduce to 
R=BB, (16) 
v=, — ф. (17) 


The amplitude of the reproduced component is independent of 
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the phases in the modulated wave, and is proportional to the 
amplitude of the side-band component. Hence amplitude dis- 
tortion of the reproduced wave can result only from unequal 
transmission of the different component frequencies of the side- 
band. The change in the amplitude curve for the signal will 
be identical with that of the side-band. The phase shift, ¥, 
is independent of amplitude distortion of the modulated wave. 
It is equal to the difference between the phase lags of the side- 
band component and the carrier. Fortunately the quality of 
telephone reproduction is not seriously impaired by shifting the 
phases of the various components by even as much as several 
eycles. In telegraphy, however, the shape of the signal current 
which operates the relay depends very much on the preservation 
of the proper phase relations of the components, and the entire 
nature of the signal may be changed by phase shifts of even a 
fraction of а cycle. 

It is worth while then to examine some of the phase shifts 
which are likely to occur in practice. Transmission of a sinusoi- 
dal wave thru the free ether involves a phase lag proportional 
to the distance and to the frequency. Hence the phase lags, 
$, and $, due to this cause, will be proportional to р+ and р 
respectively, and their difference, ¥, will be proportional to ç. 
Replacing ¥ by hq in equation (12) and regrouping terms gives 

r= R cos [q (t — ^) - e]. (18) 
By displacing the origin of time by Л this becomes identical with 
the original signal component. Also, since h is independent of q. 
the same time shift brings all the components into agreement; 
that is, a phase shift proportional to the frequency does not dis- 
tort the wave, but merely delays it by the corresponding time 
of transmission.’ In considering the terminal circuits then it is 
only the departure of their phase lag versus frequency curve 
from a straight line that need be considered as a source of dis- 
tortion. It is of interest to note here that for most filters this 
relation is approximately linear thruout the range of free trans- 
mission. "The actual curves for a particular band filter are shown 
in Figure 5, where there is plotted against frequency the relation 
of the amplitude and phase of the current at the third section 
of an infinite filter to those of the voltage applied to the 
first section. It will be noticed how the phase curve departs 

* For a fuller discussion of this point sce a paper by T. C. Fry on “Theorie 
des binauralen Hórens nebst einer Erklärung der empirisehen Hornbostel- 


Wertheimersehen Konstanten," ‘Physikalische Zeitschrift," 23, page 273, 
1922. 
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abruptly from a straight line at the edges of the band where 
the sudden drop in the amplitude curve occurs. Similarly 
Figure 6 shows how in the current voltage relation of a simple 
resonant circuit, the distortion of phase and of amplitude 
. occur together. 
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In case both side-bands are transmitted, a simple relation 
is found if the distortion is symmetrical with respect to the car- 
пег frequency. By this is meant that, however the different 
components are distorted relative to each other, for every signal 
component the two corresponding side-band components аге 
equal in amplitude and are shifted in phase relative to the carrier 
by the same amount; that is to say, for every value of q con- 
sidered separately, 


p (B) 


FIGURE 4 


B,=B_=B. (19) 
$,—6206-0. =ù. (20) 

Then 
R-2BB. (21) 
v=o. А (22) 


The same considerations as to distortion of the side-band 
apply here as for the single side-band. There is one point, how- 
ever, of some practical significance. As is evident from Figure 
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6, the characteristics of a resonant circuit come very close to 
satisfying these symmetrical conditions if the carrier coincides 
with its resonance frequency. Its effect on the amplitude and 
phase curves of the reproduced signal may therefore be derived 
independently from the amplitude and phase curves of the tuned 
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circuit. If, however, the circuit be detuned, this symmetry 
is upset and we are forced to the complicated relations of equa- 
tions (13) and (14), from which it is difficult to draw general 
conclusions. 

An interesting case of unsymmetrical transmission is that in 
which one side-band is only partially suppressed owing to insuf- 
ficient selectivity. Let us assume that the upper side-band is 
transmitted without distortion. Then for a given amplitude 
of the lower side-band its effect on the amplitude curve of the 
reproduced signal will be worst when the phase relations are such 
that for some frequencies it aids the upper side-band and for others 
it opposes. The greatest fractional change in the amplitude of 
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any one signal component due to the presence of the lower side- 
band occurs when the two oppose. It is then reduced in the 
ratio 


c ee qu s (23) 


Thus, if the lower side-band component were a tenth of the upper, 
the most it could do would be to change the amplitude of the 


sangt 


р s eee 
as nD s ЕЕ ЕЕЕ Ии 
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signal component by a tenth. Such a change would have little 
effect on telephone quality, particularly as it would have this 
maximum value at only a few frequencies. "The case of teleg- 
raphy is rather different. Here the two side-bands lie so close 
together that it is practically impossible to separate them by 
radio selective circuits, and even when, as in wire transmission, 
so low a carrier frequency is used that the two may be separated 
fairly well by filters, the side-bands corresponding to the lower 
signal components differ so little in frequency that even a sharp 
filter does not produce very great discrimination between them. 
This, coupled with the fact that the phase shift of a filter ceases 
to be linear near the edge of the transmitted band, leads to very 

considerable amplitude distortion. 
The effect of the unsuppressed side-band on the phases of the 
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reproduced components ijs also rather complicated. Equation 
(14) shows that it is a maximum when 


$.,—9-0 
Фф _ =90°, 


in which case the presence of the lower side-band changes 


(24) 


B_. . . ! À 
tan ¥ from 0 to B. Аз in the case of amplitude, this effect is 
+ 


unimportant in telephony, but would need to be considered in 
telegraphy. 


PHASE OF THE LOCAL CARRIER 


Coming now to homodyne reception, the important new 
factor to be considered is the fact that the carrier component is 
now perfectly arbitrary in amplitude and phase. This is true 
even tho the sending carrier is not suppressed, for, by suitably 
choosing the local carrier, the resultant of the two may be given 
any desired value. Since the amplitude of the carrier affects 
only the magnitude of the reproduced signal as a whole, we need 
consider here only the effect of arbitrary values of its phase, ф. 
For simplicity we shall assume that the modulated wave reaches 
the receiver unchanged except for the phase lags involved in 
undistorted transmission. Let us designate by Ф, the phase 
lag of the carrier which is received from the transmitting station 
or would be received if it were not suppressed. Then 


ф=ф,+%, (25) 


where 7 may be regarded as the phase displacement of the local 
carrier. 

Consider first a system in which one side-band is suppressed. 
From equation (16), the amplitudes of the reproduced signal 
components are independent of the phase of the carrier. From 
equation (17), the phase, 

y-26,-—90,—r. (26) 
But $,—494, represents only the phase shifts of undistorted 
transmission; that is, the delav suffered by the signal as a whole. 
Hence the net result is that all components have their phases 
shifted by the same amount; namely, the phase displacement 
of the carrier, which can never be more than a single сусіе. For 
telephony this is of no practical importance, but it is evident 
that in a telegraph system using side-band suppression and homo- 
dyne reception the phase of the local carrier would have to be 
very carefully controlled. 
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Consider now the case of homodyne reception of both side- 
bands received without distortion; that is, 


B + = B. = B. (27) 

and $,—¢,=$,—$6_=hg. (28) 
From these relations and equations (13) and (14) we get 

R —2 B B. cosy. (29) 

yc —hq. (30) 


This shows that the amplitude of every component varies as 
cos у; that is, when the local carrier is in phase or 180° out of 
phase with the received carrier the reproduced components are 
maximum for intermediate values they decrease, becoming zero 
when the two carriers are in phase quadrature. The phase lag, kq, 
is that due to transmission alone; that is, the phases of the repro- 
duced components are independent of the phase of the local 
carrier. Since the phase of the local carrier affects onlv the 
amplitudes and affects these the same for all components, it does 
not alter the wave form of the reproduced signal, but does affect 
its magnitude very materially. 

Thus in a carrier telephone system fluctuations in the phase of 
the local carrier are much more serious when both side-bands 
are transmitted than when one is suppressed, the only effect then 
being an unimportant phase distortion. In a carrier telegraph 
system, however, the amplitude fluctuations which occur when 
both side-bands are transmitted may not be particularly trouble- 
some since telegraph receiving apparatus is designed to operate 
over quite a range of signal intensity. The phase distortion 
occurring in single side-band transmission is however serious. 
It may perhaps be considered fortunate that the requirements 
as to phase regulation are least severe in telephony with a single 
side-band and in telegraphy with both side bands, since these 
modes of operation appear on other grounds to be the most prac- 
tical for the two cases. 

In comparing sihgle and double side-band transmission it 
is interesting to note that for equal sending power, the power of 
the reproduced signal component is twice as great with two side- 
bands as with one. However, the power of the same frequency 
resulting from static is also twice as great, so that the ratio of 
signal to interference is the same in both cases. To show this, 
let В, be the amplitude of а component of the single side-band 
and В, that of each of the corresponding components of the 
double side-band. Then equality of power gives 
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B? = 2В,2. (31) 


For the single side-band the amplitude of the reproduced com- 
ponent is 
Rı =@ В,, (32) 


where g is a constant of proportionality. The power, 
Р, = Ti B,?=9? Bg. (33) 


(The resistance is here omitted as it is assumed constant thruout.) 
For the double side-band, since the two components are in phase, 
the resultant amplitude, 

Р, = 2 g Bz, (34) 
and the power, 


P: =2 9? B} 2. (35) 


If the static be assumed to approximate an impulse, the am- 
plitudes of all its components will be sensibly the same. If we 
call this amplitude S, then, in the case where the receiving cir- 
cuit admits only one side-band, the amplitude of the reproduced 
interfering current of the frequency of the signal component is 


Г, = g S, (36) 
and its power, 


W. = ; g^ 5°. (37) 
With both side-bands this interfering current is made up of two 


equal components derived from the static components of fre- 


quencies P 4 


— апа oe respectively. The phase difference є 
between these two will be accidental, so for any one case the 
resultant amplitude, 
I, =2 g S cos e, (38) 
and the power, 
W, =2 g? S? cos? ғ. (39) 
As all values of є are equally probable, we may average W, with 
respect to e, whence 
H° = g2 5? = 2 W.. (40) 


There is then no choice between one and two side-bands on 
the basis of the ratio of signal to interference, With a single 
side-band, the major advantage of economy in frequency range 
is secured at the expense of the minor disadvantage that to give 
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the same response the amplification of the receiving set must be 
greater by a factor of two in power, or about three miles of 
standard cable. 


UsE or NoN-svyNcHRONOUS LOCAL CARRIER 


In practice, however, unless the receiving carrier frequency 
is controlled by the same source as the sending carrier, it is 
rather difficult to maintain even the frequencies alike, to say 
nothing of the phases. Let us suppose that the local carrier 
is out of synchronism by a small amount, n. Consider first the 
simplest case where the carrier is suppressed and one side-band 
only is transmitted. The local carrier beating with each com- 
ponent of this side-band gives а component of normal amplitude, 
but of a frequency differing from that of the original signal 
component by n. That is, all the frequencies of the speech are 
raised or lowered by the same amount, n. This must alter the 
wave form very decidedly, but the surprising thing is that in 
telephony the intelligibility is not seriously affected when the 
difference is made as much as fifty cycles or so. The apparent 
pitch of the voice changes, of course, as n is varied. 

If the carrier is transmitted, either intentionally or thru 
incomplete suppression, the situation is less favorable to asyn- 
chronous reception. The two carriers then beat together, giving 
& component of frequency n which may be troublesome if the 
received carrier is large. However, its frequency is generally 
below the voice range, and so it can be suppressed by a filter in 
the detector output. In addition the received carrier beating 
with the side-band gives the components of the original signal. 
These are superposed on the displaced speech from the local 
carrier, the corresponding components of the two differing in 
frequency by n. As a result, the two sounds beat together 
just as two tuning forks would. For very small differences 
in frequency а periodie rise and fall in intensity is heard. 
When the difference is increased so that the individual beats 
сап no longer be distinguished, a sensation of roughness results. 
And when the difference is made still greater the two waves may 
be heard as separate sounds of noticeably different pitch. "The 
prominence of this beating effect depends, of course, upon 
the relative magnitude of the two carriers, since the two 
sets of speech currents are in the same ratio as the two ca- 
rriers. 

This effect of the received carrier may be very much reduced, 
and in the ideal case entirely eliminated, by the use of a balanced 
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aiector similar in structure to the balanced modulator of Figure 
3. П can be shown that with such a circuit the combination 
frequencies resulting from any two components applied at S are 
neutralized in the output circuit, while the combination of each 
with the carrier applied at C is transmitted. Thus if the side- 
band and received carrier enter together at S, the components 
having the original signal frequencies are eliminated and only 
the displaced components remain. 

When the other side-band is added, the situation is still 
further complicated. In the absence of received carrier the local 
carrier and one side-band give a set of components the frequencies 
of which are greater than those of the signal by n, while the 
carrier and other side-band give a set less by the same amount. 
These two sets combine in much the same way as do the displaced 
and normal speech obtained with a single side-band and received 
carrier. Here, however, the beat frequency is 2n. Also, as 
the two sets are equal in amplitude, the beats will be much more 
pronounced, the intensity falling to zero each time the two 
waves are in opposition. For slow beats the apparent pitch of 
the sound is half way between the frequencies of the two equal 
components, and so the normal voice frequency will be heard. 
With large frequency displacements of the carrier the two dis- 
placed speech waves, being of equal intensity, will be more 
easily distinguished than in the case of the single side-band. 

]t is interesting to note that this result, as well as the fre- 
queney shift that occurs with a single side-band, follows directly 
from the relations arrived at above for the phase displacement 
of a svnehronous carrier. The non-synehronous carrier may be 
thought of asa synchronous one the phase of which is varied with 
the frequeney of the departure from synchronism. With a single 
side-band it was shown that a phase displacement of the carrier 
affects only the phase of the reproduced component and that it 
ehanges this by an amount equal to its own displacement. This 
progressive phase displacement in all the components of the re- 
produced wave is, of course, equivalent to a change in their 
frequencies equal to the frequeney. displacement of the carrier. 
With both side-bands present, a phase displacement was shown 
to have no effeet on the phases but to change the amplitudes 
of the reproduced components by the factor созу. Thus a pro- 
gressive change in z will cause a evelie variation in amplitude 
having two minima for each evele of 7: that is. a frequency of 2n. 

H the two side-bands are aeecinpanied by the carrier there 
are added the beat note of the two carriers and the components 
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of the original signal. The addition of a small amount of this 
speech of uniform amplitude to that of varving amplitude already 
present merely tends to make the variation slightly less pro- 
nounced. From the foregoing it appears that for telephony the 
most favorable condition for using a local carrier whieh is out of 
synehronism is that in which only one side-band is transmitted. 
Fairly considerable frequency variations are then permissible 
and asynchronous operation appears to have practical pos- 
sibilities. 

For telegraphy the case is quite different. In the first place 
the important components of telegraph signals are much lower 
in frequency, so that the side-band lies closer to the carrier, and 
a much smaller absolute displacement of the earrier frequency 
is needed to give the same effect as in the telephone case. Con- 
sidering only such small displacements, it appears that the gen- 
eral addition or subtraction of frequencies which occurs with a 
single side-band will alter the shape of the signals quite seri- 
ously. The slow fluctuations in signal intensity which occur with 
both side-bands are probably less serious over most of the cycle. 
However, they might well cause some signals to be lost entirely 
each time the intensity passed thru zero. 

For asynchronous reception, then, Just as for the case of a 
local carrier displaced in phase, single side-band transmission 18 
preferable for telephony and double side-band for telegraphy. 
The difficulties are of the same general nature in the two cases, 
but with the asynchronous carrier they are considerably greater. 
This is in agreement with the idea expressed above, that lack of 
synchronism may be looked upon as an aggravated case of phase 
displacement. 

Research Laboratories of the American 
Telephone and Telegraph Company, 
and the Western Electric Company, 


October 9, 1922. Incorporated. 


SUMMARY: The modulation of a carrier wave by a signal wave and the 
subsequent reproduction of the signal wave are discussed in terms of the sus- 
tained sinusoidal components into which the various waves may be resolved. 
The conception of a modulated wave as being made up of a carrier component 
and two side-bands is explained. 

The saving in frequency range resulting from transmitting a single side- 
band is emphasized. Carrier suppression and homodyne reception are shown 
to save sending power, increase receiving sensitiveness and aid in suppressing 
interference from both stations and static. 

Equations are derived for the distortion of the reproduced wave in terms 
of that of the modulated wave. In general, both the amplitude and phase of 
each component of the signal depend on both the amplitudes and phases of 
the corresponding side-band components and of the carrier. 
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The effect on the signal of various typical distortions of the radio wave is 
examined for both single and double side-band transmission, as is also that of 
altering the phase of the locally supplied carrier and of altering its frequency. 
The resulting distortion of the signal is found, in general, to be more serious 
for telephony when both side-bands are used and for telegraphy when only 
one is used. 

It is also shown that the reproduced signal has twice the power when both 
side-bands are transmitted as when the same sending power is concentrated 
in one. The signal to static ratio is, however, the same in both cases. 
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FURTHER DISCUSSION 
ON 
“RESISTANCE AND CAPACITY OF COILS AT RADIO 
FREQUENCIES’’* 


By 
J. Н. MoreECROFT 


A. Press (by letter): The experiments of Professor More- 
croft in endeavoring to check up the work of Dr. Breit are so im- 
portant a matter for radio science that it may be of value to 
emphasize the crowning assumption of Dr. Breit’s mathematical 
developments. 

Turning to “The Physical Review" for June, 1921, equation 
(4) of the article on “The Distributed Capacity of Inductance 
Coils," it will be seen that the assumption is made that the 
charge density at any point z is a function of z times the rate of 
change of the current at any point taken as a standard. "The 
formula in question is 

dii 
Q (x) =a (z) dt (4) 

In reality from the experiments of Professor Townsend of 
Oxford, and others, the wave distribution of current, so far as 
its plural nodal distances are concerned, is a function of the fre- 
quency. This frequency function can be of the resonant type, 
or even of the dissonance type as the writer has indicated 
elsewhere. Much depends on the geometrical constants of a coil 
with respect to the particular frequency. It would be too much 
to expect that a formula of the simplicity (1) 


1 
L (С +С) = FI (1) 
should hold for both cases indicated herewith. 


G. Breit (by letter): Referring to the second paragraph of 
Mr. Press’ letter: “Turning to... at any point x is a function of 
х times the rate . . ." The part in italics is wrong, as is seen from 

* See page 287 of the August, 1922 (volume 10, number 4), issue of the 
PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS. 
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the formula (4) quoted. This formula is reproduced not quite 
correctly by Mr. Press; the Latin a being used for the Greek ^. 

I do not think it is correct to call the assumption discussed 
by Mr. Press the crowning (?) assumption of my deduction. 
The first paragraph of my synopsis introduces C, as the quantity 
which is experimentally known to satisfy: L(C+C.) = P My 

(O 

problem was to calculate Co within the range of w for which the 
above relation is reasonably true. The same point of view is 
brought out in the summary. The absolute validity of the 


equation L (C +C.) = z: would be, of course, untrue. The factors 
(0 


which make this equation a good approximation I tried to con- 
sider in the section: ‘Explanation of constancy of C," (pages 
669-671, “Physical Review"). As shown there within a certain 
range the formula may be expected to hold. 

The assumptions underlying my derivation I tried to sum- 
marize on page 650 under 1, 2, 3, 4, 5. These are essentially 
reviewed on the bottom of page 656 and the top of page 657. 
The point of view taken towards C, is brought out particularly 
under (A) (page 657). 

In Mr. Press’ letter ^, in (1) should be ~,. 

It is difficult for me to be sure that I understand correctly 
the section of Mr. Press' latter just after (4). He certainly can- 
not mean that I do not consider the dependance of current dis- 
tribution on the frequency because this is the fundamental point 
in my derivation. It would seem then that he considers the fact 
that a coil can vibrate in different modes. This fact has been 
known to Drude and is generally obvious by analogy with an 
organ pipe. The difficulty is taken care of by the fact that the 


range in which L (C +C.) = p is used deals only with one mode. 
(O 


DIGESTS OF UNITED STATES PATENTS RELATING 
TO RADIO TELEGRAPHY AND TELEPHONY* 


ISSUED OCTOBER 31, 1922—DEcEMBER 19, 1922 


By 
JoHN B. BRADY 


(PATENT Lawyer, Ouray BUILDING, WASHINGTON, D. С.) 


1.433,599—R. Brown, filed July 2, 1921, issued October 31, 1922. 
Assigned to American Telephone and Telegraph Company. 


Big 4 
NUMBER 1,133,599— Radio Circuits 


Каро CIRCUITS for an electron tube transmitter and receiver 
whereby the transmitting and receiving apparatus may be oper- 
ated in close proximity to each other at the same station without 
interference, and wherein two-way communication may be had 
without mechanical switching from transmitter to receiver. In 
this circuit Figure 1, advantage is taken of the commutating 
characteristic of an electron tube for shifting the operation of 
the system from transmission to reception. Р А indicates the 
receiving antenna connected to circuit R I functioning as an 
interrupter and from thence to receiving apparatus which may 
transmit the signal energy to a line wire telephone circuit L. 
T A represents the transmitting antenna connected to circuit 
T I which also functions as an interrupter and from thence to a 
suitable modulator M and source of continuous wave energy Š 
with the line wire system L. Ап oscillator О generates an oscil- 

*Received by the Editor, January 5, 1923. 
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lating current which is passed thru a distorting circuit D T and 
is then alternately superposed on the two interrupters T I and 
RI. If а wave of proper polarity is superposed on the normal 
potential of the grid circuit of the tube T I, the tube may be 
caused to operate upon the straight amplifying portion of its 
characteristic during the flat topped interval of the supplied 
wave, so that the modulated radio frequency will be freely trans- 
mitted thru the interrupter T I to the antenna T A. "The tube 
R I will at the same moment have а pulse of current supplied 
to its grid, of such a character as to prevent transmission. The 
next succeeding half-wave will be in the opposite direction, how- 
ever, and will shift the operating point of the tube R 7 to the 
amplifying portion of its characteristic, so that the received 
radio oscillations will be free to be passed thru the interrupter 
and impressed upon the detector D. Transmitting and receiving 
will, therefore, take place alternately at a high frequency rate 
determined by the frequency of the oscillator O. 


1,434,064—A. Monteilhet, filed September 15, 1913, issued 
October 31, 1922. : 

METHOD OF AND APPARATUS FOR FACSIMILE TELEGRAPHY, 
in which synchronized means are provided for periodically vary- 
ing the local circuit of both the transmitter and receiver with 
means for sending a signal energy impulse of constant value 
from the transmitter to the receiver at the time the transmitter 
energy reaches a predetermined value. А galvanometric optical 
receiver is employed for the reception of cliches, reliefs, photo- 
graphs, and the like transmitted. 


1,434,707 —E. W. Kellogg, filed April 21, 1921, issued November 
7, 1922. Assigned to General Electric Company. 

RADIO RECEIVING SYSTEM, in which a plurality of receiving 
antennas are located at widely separated points having their 
receiving circuits interlinked by line wires with a central receiv- 
ing station to which the signals may be conveyed and read. The 
transmission lines connecting the several receiving stations with 
the central station serve to transmit the local generator fre- 
quencies for each of the receivers from a single generator at the 
central station. 


1,435,009—E. W. Kellogg and C. W. Rice, filed April 27, 1921. 
issued November 7, 1922. Assigned to General Electric 
Company. 
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NUMBER 1,135,009— Radio Receiving System 


RADIO RECEIVING SYSTEM employing a plurality of receiving 
sets connected to an antenna system at selected points along 
the antenna whereby disturbing signals do not interfere with 
reception in the different receivers. The antenna is aperiodic, 
so that the strength of the signaling currents produced therein 
is substantially independent of the wave length. Incoming 
signals are impressed upon the input circuits of a plurality of 
electron discharge amplifiers at potentials produced in the 
antenna at different selected points. In order to improve the re- 
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ception, means are provided for impressing upon each of these 
input circuits а current selected from another point in the an- 
tenna which will be of the proper intensity and phase to neu- 
tralize in each receiving set disturbing currents produced therein 
either by interference from undesired waves or by strays. Each 
of the output circuits of the amplifiers has associated therewith a 
resonant circuit which is tuned to the frequency of one of the 
signaling waves which it is desired to receive, and these resonant 
circuits are associated with the respective receiving sets. 


Reissue 15,495—I. Langmuir, filed January 29, 1920, issued 
November 21, 1922. Assigned to General Electric Com- 
pant. 

"WIRELEsS" SIGNALING SYSTEM. This patent relates to a 
heterodyne receiver employing an electron tube circuit with а 
coupling between the grid and plate circuits, one of the circuits 
being resonant, whereby local oscillations may be produced of а 
different frequency from that of the oscillations to be received. 
Each of the circuits are coupled with the antenna system. This 
patent was originally granted as 1,313,093, dated August 12, 
1919, on an application filed March 11, 1916. . · - 


1,435,455—H. P. Donle, filed February 2, 1920, issued November 
14, 1922. Assigned to the Connecticut Telephone and 
Electric Company, Incorporated. 


ELECTRIC CURRENT CONTROLLING DEVICE in the form of a 
tube construction having а filament contained within an ex- 
hausted vessel and two outer electrodes spaced apart on the 
outer surface of the tube, one serving as an anode or plate and 
the other as a control electrode. 


1,435,941—J. Robinson, filed November 12, 1918, issued Novem- 
ber 21, 1922. 


Rapiro DIRECTION FINDER in which a pair of coils in vertical 
planes are set at an angle to one another, preferably at a right 
angle, and are rotated about a vertical axis until no appreciable 
difference in strength of signal is found, when the effect of that 
coil lies at right angles to the direction of arrival of the waves, 
the bearing of which is desired, is superposed positively or nega- 
tively upon the effect of the other coil. The bearing can then 
be determined by the position of the first coil. А switching 
arrangement is provided so that one coil may be temporarily 
cut out and an equivalent inductance inserted in the circuit. 
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The invention is illustrated in connection with a direction finder 
installation in the fuselage in an aircraft. 


1,436,252—R. А. Heising, filed December 27, 1918, issued 
November 21, 1922. Assigned to Western Electric Com- 
pany, Incorporated. 


NUMBER 1,436,252— System for Producing 
Modulated Waves 


SYSTEM FOR PRODUCING MODULATED Waves, utilizing an 
are generator for telegraphy. An electron tube is connected in 
circuit with the are system. Referring to the drawing, the gen- 
erator 5 supplies a direct voltage to the circuit 15 and condenser 
14 which periodically discharges across the electrodes 9 and 12 
and causes simultaneous discharge across the electrodes 8 and 9. 
The amplitude of the discharge across the electrodes 8 and 9 will 
depend largely upon the instantaneous condition of the device 6. 
Thus while the amplitude of the discharge may be made to vary, 
the frequency thereof will remain substantially constant. Altho 
the discharge across electrodes 9, 12 may consist of a small amount 
of energy, it may serve to control the discharge of a much larger 
amount of energy across the electrodes 8, 9. The device 6 acts 
as an amplifier and reproduces in amplified form the impedance 
changes in or the current changes thru the device 26. 


1,436,676—M. Н. Petersen, filed October 21, 1921, issued 
November 28, 1922. 

SYSTEM FOR “WIRELESS” TRANSMISSION OF WRITING, Pic- 
TURES, AND THE LIKE, in which part of the current circuit of an 
alternating current generator connected to the transmission leads 
is short-circuited by means of a contact arrangement, which is 
so actuated by means of the writing at the sending station that 
the short-circuiting is started or interrupted by means of a con- 
tact needle passing over the written lines. The received oscil 
lating current energy is combined with the energy of а separately 
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produced auxiliary current the frequency of which is slightly dif- 
ferent from the frequency of the received current, producing a 
beat frequency operating an oscillograph. Another beat frequency 
is produced differing from the first beat frequency and the second 
beat frequency combined to produced synchronized mechanical 
movement. 


1,437,021—J. C. Schelleng, filed May 11, 1921, issued November 
28, 1922. Assigned to Western Electric Company, Incor- 
porated. 


NUMBER 1,437,021—Electron Discharge Device Circuits 


ELECTRON DISCHARGE DEVICE Circuits. This patent shows а 
circuit for an electron tube transmitter in which small inductance 
coils are connected in the individual plate circuits of the several 
vacuum tubes in the system. In the ease of 50 watt tubes in 
parallel for radio transmission, these inductances have a value 
of the order of 10 microhenries. These inductances serve as 
choke coils for preventing the production of undesired or parasitic 
oscillations. In the diagram the choke coils are indicated by 
reference number 17. | 


1,437,240—E. C. Hanson and W. L. Carlson, filed May 28, 1920, 
issued November 28, 1922. 


NUMBER 1,437,240—Apparatus for Detecting Minute Values 
of Energy 


APPARATUS FOR DETECTING MINUTE VALUES OF ENERGY. 
This invention relates to an apparatus for detecting slight varia- 
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tions in frequency of an oscillating current which might be 
brought about by slight forces, such as light rays striking the 
plates of a condenser suitably connected in the oscillating circuit. 
The principle involved in the apparatus is the heterodyning of 
two or more oscillating electric currents to produce a beat, the 
frequency of which will be determined by the natural constants 
of the circuits and the external influence of a particular frequency 
acting upon one of the circuits. The apparatus is intended, 
among other things, as a measuring device for minute forces such 
as light rays. 


1,437 ,400—W. W. Conners, filed June 12, 1919, issued December 
5, 1922. 


METHOD AND APPARATUS FOR INDICATING THE GEOGRAPHI- 
CAL LOCATION OR MOVEMENT OF BopiEs, employing a similitude 
board on which the movement of a body in miniature at the 
transmitter causes a reproduction of the movement at the re- 
ceiver. 


1,437,498—L. De Forest, filed June 16, 1916, issued December 
5, 1922. Assigned to De Forest Radio Telephone and 
Telegraph Company. 

OSCILLION, in which the filament, grid, and plate electrodes 
are arranged with the filament lengthwise in the tube, the grid 
wound around a frame which carries the filament and the plate 
supported on the interior of the wall of the tube surrounding 
but out of contact with the grid. | 


1,437,607—E. L. Mueller, filed November 18, 1920, issued 
December 5, 1922. 


ELECTRON TUBE, in which a mercury arc is formed within a 
refractory chamber disposed within a grid electrode surrounded 
by a plate electrode in the usual form of an electron tube. The 
mereuty arc is used as a source of electrons for the purpose of 
avoiding the limited life of the usual filamentary cathode tube. 


1,437,772—J. B. Nowland, filed June 13, 1922, issued December 
5, 1922. Assigned two-thirds to Simon Bitterman. 
RADIO APPARATUS. This invention relates to а vernier tun- 
ing coupler for a radio receiver. The coupling system is arranged 
with a primary winding in the antenna ground circuit and a set 
of two secondary windings each of which can be adjusted inde- 
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pendentlv relative to the primary winding. One of the second- 
ary windings permits a broad adjustment of coupling for tuning 
purposes while the other secondary winding permits а vernier 
adjustment of coupling whereby the secondary cireuit is accu- 
rately tuned for reception of incoming signals on different wave 
lengths. 


1,438,200— W. E. Beakes, filed July 1, 1918, issued December 
12, 1922. Assigned to United Fruit Company. 

Ах ANTENNA SYSTEM Is shown in this patent whereby an 
antenna conductor may be reeled on and off of a metallic drum 
to secure the desired period of antenna system. The antenna 
conductor is normally contained upon a metallie drum. One end 
of the conductor is secured to an insulated cord which is wrapped 
upon another drum. By winding or unwinding the cord different 
optimum length of the antenna is secured for a particular wave 
length. 


1,438.347- R. A. Weagant, filed Mareh 6, 1920, issued December 
12, 1922. Assigned to Radio Corporation of America. 
RECEIVING APPARATUS FOR RADIO SIGNALS for use with a 
plurality of antennas situated at a distance from each other and 
connected to the same receiving circuit. The system may em- 
plov large loop collectors constructed at great physical distances 
apart. Ina system of this kind it is usual to have long horizontal 
leads going into the receiving station, but these leads pick up 
undesired signals and statie. In the present invention electron 
tube amplifiers are arranged immediately adjacent each of the 
antennas for amplifving the energy received on the antenna 
svstem and conducting it to the receiving station located at a 
distance. The idea is to amplify the signal and static current 
derived from the cages so that they will be large compared with 
those derived from the leads. In a modified circuit the energy 
of each of the antennas is converted to audio frequeney and then 
conducted over the leads to the receiver, 


1.438.567— R. E. Winstanley, Jr.. filed February 1, 1919, issued 
December 12, 1922. 

RADIO SIGNALING Apparatus in which the transmitter 18 
controlled by an automatic степе closer for causing the trans- 
mission of any selected number of a plurality of pre-determined 
signals or messages. The apparatus is particularly intended for 


66 


the transmission of distress signals from ships at sea without the 
attention of an operator. The transmitter is contained within 
a cabinet which is normally closed, the apparatus therein being 
inoperative. When the cover of the cabinet is opened the trans- 
mitter circuit is closed and start signals are transmitted. By 
the movement of control switches different messages may be 
transmitted by the automatic circuit closer sending out such 
expressions as "S O S," “АП is well," “Sinking,” or other ex- 
pressions. 


1,438,969—L. R. Spengeman, filed September 17, 1918, issued 
December 19, 1922. Assigned to Western Electric Com- 
pany, Incorporated. 


VACUUM TUBE in which a resilient wire spring in the shape 
of а V with spring coils between its ends is arranged in the tube 
for maintaining the filament taut at all times. 


1,438,988—L. Espenschied and Herman А. Affel, filed September 
30, 1919, issued December 19, 1922. Assigned to American 
Telephone and Telegraph Company. 


HicH FREQUENCY TRANSLATING CIRCUITS for telegraphy, in 
which an iron core modulating device is employed having a 
plurality of windings. Ап input circuit containing a source of 
current of one frequency is connected with one winding on the 
core and a second input circuit containing a source of current 
of a different frequency is connected with another winding on 
the core. Filters are interposed in each circuit adapted to trans- 
mit only the current of the frequency generated by the source 
associated with the respective circuits. A third circuit containing 
8 source of direct current is connected with a third winding with 
a filter interposed in the circuit. A fourth winding on the modu- 
lating device is connected with the transmitting system such as 
an antenna ground. 


1,438,989—L. Espenschied and Herman A. Affel, filed September 
30, 1919, issued December 19, 1922. Assigned to American 
Telephone and Telegraph Company. 


HicH FREQUENCY TRANSLATING CIRCUITS, employing an arc 
generator as a source of oscillations. An input circuit is arranged 
to modulate the oscillations of the arc circuit in accordance 
with voice frequencies with a filter so connected in the input 
circuit as to exclude therefrom undesired oscillations. 
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1,439,363—.). H. Hammond, Jr., filed December 13, 1919, issued 
December 19, 1922. 

RECEIVING SYSTEM FOR RADIANT ENERGY, particularly 
adapted for submarine vessels. The antenna is arranged with 
an entering insulator with adjacent ring contacts on the insulator 
which when submerged in salt water establishes a circuit which 
renders inoperative control apparatus within the submarine. 
The idea is to render the control unresponsive to interfering sig- 
nals which would normally be caused by salt water washing over 
the antenna during transmission of control signals. 


1.439.495 H. M. Williamson, filed September 25, 1922, issued 
December 19, 1922. 

Rapio RECEIVING APPARATUS, including a thermionic ampli- 
fier with a high reaetanee and a condenser shunted across the 
grid filament circuits for preventing inherent oscillations in the 
grid circuits. 


1.439.562 P. D. Lowell. filed September 9, 1921, issued Decem 
ber 19, 1922. Assigned to Radio Instrument Company 
Incorporated. 


NUMBER 1,450,562. -Amphfying System 


AMPLIFYING SYSTEM, comprising a plurality of electron tube 
stages with interchangeable coupling means between the output 
creuit of one tube and the input cireuit of a sueceeding tube 
whereby a coupling transformer wound for a particular band of 
wave lengths may be quickly removed from the circuit and a 
different transformer wound for a different band of wave lengths 
тау be plugged in. The invention contemplates a series. of 
transformers effieiently transparent to one band of frequencies 
While opaque to another band of frequencies which may be sub- 


s 


stituted one for another to transfer efficiently the different bands 
of frequencies from one electron tube stage to another. 


1,439,563— P. D. Lowell, filed September 9, 1921, issued Decem- 
ber 19, 1922. Assigned to Radio Instrument Company, 
Incorporated. 


NUMBER 1,139,563— Radio Frequency Transformer 


RADIO FREQUENCY TRANSFORMER, in which the primary and 
secondary windings each comprise a group of coils, each coil hav- 
ing а plurality of fine wire turns wound along the periphery. of 
an insulation material and spaced from an adjacent coil, the one 
group of coils being spaced from the other group of coils to de- 
termine the coupling of the windings for a particular band of 
frequencies. The transformer is designed to operate over a 
limited band of frequencies. Several different transformers are 
provided having different coupling characteristies and arranged 
to be plugged in between the electron tube stages to pass the 
different waves of wave lengths. 


1,440,142—G. Fuegel and Herman Sehmid, filed December 27, 
1918, issued December 26, 1922. Assigned to Apollo Mag- 
neto Corporation. 

ELECTRICAL CONDENSER designed particularly for magneto 
installations. The condenser is supported by а binding screw 
passing thru one of the sets of armatures and securing the con- 
denser unit in position within a easing. 


List oF RADIO TRADE Marks PUBLISHED BY PATENT OFFICE 
PRIOR TO REGISTRATION 


(The numbers given are serial numbers of pending applications) 
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161,010—''MaTcHED Томе” for telephone head sets. C. Brandes 
Inc., New York, N. Y. Claims use since about March, 
1914. - Published October 31, 1922. 


161,028—''SiMPLEx" arranged in ornamental design—for radio 
apparatus. Simplex Radio Co., Philadelphia, Pennsylvania. 
Claims: use since on or about March 16, 1921. Published 
October 31, 1922. 


151,143—''BEACON" arranged in ornamental design—for current 
rectifiers,. transformers and batteries. Beacon Rectifier 
Company, Hyde Park, Massachusetts. Claims use since 
January 1, 1918. Published November 7, 1922. 


160,500—''RADIOBAT" arranged in ornamental design—for radio 
receiving apparatus. Multiple Storage Battery Corporation, 
Dover, Delaware, and New York, N. Y. Claims use since 
March 6, 1922. Published November 7, 1922. 


165,194—''BEsTONE" arranged in ornamental design—for radio 
receiving apparatus. Henry Hyman and Co., Inc., New 
York, N. Y. Claims use since April, 1922. Published 
November 7, 1922. 


168,367 —"REsuNDA" in ornamental letters, for radio receiving 
apparatus. Jones-McKee, Inc., New York, N. Y. Claims 
use since July 15, 1922. Published November 7, 1922. 


168,368—‘‘Hy-ToneE”’ for radio receiving apparatus. Jones- 
McKee, Ine., New York, N. Y. Claims use since шш 15, 
1922. Published November 7, 1922. 


168.529—“ THE CLARION” in ornamental letters—for loud 
speakers. Maurine W. Hirshfield, doing business as Mar- 
field Radio Mfg. Со., New York, N. Y. Claims use since 
July 1, 1922. Published November 7, 1922. 


168,683—''L M" in ornamental design—radio transmitting and 
receiving apparatus. Maline-Lemmon Laboratories, New 
York, N. Y. Claims use since May 5, 1922. Published 
November 7, 1922. 

168,768—''HusH-A-PHONE" in ornamental design—for telephone 
muffler. Hush-A-Phone Corporation, New York, N. Y. 
Claims use since March 3, 1922. Published November 7, 
1922. 


161,691—''Loc DISTANCE” for radio apparatus. Chicago 
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Radio Laboratory, Chicago, Illinois. Claims use since оп 
or about July 1, 1919. Published November 14, 1922. 


161,728—‘‘PEERLEss” for radio apparatus. Thompson-Levering 
Company, Inc., Philadelphia, Pennsylvania. Claims use 
since January, 1909. Published November 14, 1922. 


162,947—''DavTON" for radio apparatus. The A-C Electrical 
Mfg. Co., Dayton, Ohio. Claims use since on or about 
August 1, 1922. Published December 26, 1922. 
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THE WORK OF THE INTERNATIONAL UNION ОЕ 
SCIENTIFIC RADIO TELEGRAPHY* 


Bv 
J. H. DELLINGER 
(CHIEF oF RADIO LABORATORY, UNITED STATES BUREAU OF STANDARDS, 
WASHINGTON, D.C 

This organization is not, as the name might perhaps suggest, 
a radio telegraphers’ union. It is the world organization for the 
promotion of radio research on an international scale. It was 
begun in July, 1919, under the auspices of the International 
Research Council. It is organized: 

1. To promote the scientific study of radio communication. 

2. To aid and organize researches requiring cooperation on 
an international scale and to encourage the discussion 
and publication of the results of such researches. 

3. To facilitate agreement upon common methods of mea- 
surement and the standardization of measuring instru- 
ments. 

The work is actually carried on thru the activities of the Na- 
tional Sections, which have been organized in the United States, 
Belgium, England, France, Italy, and Norway. Steps are 
. being taken to create such Committees also in Australia, Holland, 
Japan and Spain. 

The International Union itself is à rather simple organiza- 
tion framework for carrying on the international phases of the 
administrative work. It is similar to the various other inter- 
national unions: of astronomy, geophysics, mathematics, chem- 
istry, and so on. The officers are a president (General Ferrié, 
France), four vice-presidents (Dr. L. W. Austin, United States; 
Dr. W. H. Eccles, England; Dr. Vanni, Italy; Dr. Bjerknes, 
Norway), and a general secretary (Dr. R. B. Goldschmidt, 
Belgium). The office is located in Brussels. One of the princi- 
pal duties of the international officers is the calling of a general 
meeting of the International Union every three years. Dele- 
gates from the several National Sections attend the general 
meeting. The second such meeting was held in Brussels in 


* Published by permission of the Director of the Bureau of Standards of 
s ane States Department of Commerce. Received by the Editor, Mareh 
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several national committees on the corresponding subjects. 
The membership of the international commissions is as follows: 
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The American Section was organized on October 26, 1920, 
under the auspices of the National Research Council, in Washing- 
ton. The American Section is made up of an Executive Com- 
mittee and six technical committees. The Executive Com- 
mittee consists of: two officers of the National Research 
Council ex-officio, one member each from the Army, the Navy, 
the Department of Commerce, the Institute of Radio Engineers, 
four members at large appointed by the President of the National 
Academy of Sciences, and (ex-officio) officers of the International 
Union resident in the United States. The personnel, for 1922 
to 1925, is: 

L. W. Austin, Chairman | 

J. H. Dellinger, Technical Secretary 

Chairman of Division of Physical Sciences, National Re- 
search Council, Corresponding Secretary (ex-officio)! 

Chairman of Division of Engineering, National Research 
Council (ex-officio)? 

E. F. W. Alexanderson 

Alfred N. Goldsmith 

F. B. Jewett 

A. E. Kennelly 

G. O. Squier 

A. Hoyt Taylor 

E. M. Terry 

The technical committees are briefly described in the fol- 
lowing. In every case, persons interested in participating in 
the work are invited to communicate with the Chairman of 
the Committee. 

1. Rapiro Wave TRANSMISSION PHENOMENA.—Chairman, 
Dr. L. W. Austin, Naval Radio Research Laboratory, Bureau of 
Standards, Washington, D. C. One of the principal kinds of 
work is the measurement of radio wave field intensity at receiv- 
ing stations, observing particularly diurnal and seasonal varia- 
tions, and the comparison of observed values with formulas for 
the determination of the laws of transmission under various 
conditions by day and by night, over sea and various kinds of 
topography, sunset and sunrise effects, fading, aurora, local 
absorption phenomena, and so on. Comparison of results 
with different types measuring apparatus is another part of the 
work. Experiments indicate agreement between results ob- 
tained with the telephone signal comparator of Dr. Austin and 


4 W. Duane, in 1923. 
* A. D. Flinn, in 1923. 
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the radio-frequency comparison method of the Western Electric 
Company. For the assistance of participants in this work, 
certain large stations send special signals daily. "These signals 
give the letters URSI and a dash lasting two minutes. The 
letters URSI are the initials, arranged as in the French equivalent 
of International Union of Scientific Radiotelegraphy. Even 
for stations in the following list which are not transmitting these 
special signals, observations on the field strength of the waves 
are worth while, since great accuracy is not required. 


Stations Now TRANSMITTING U. R. S. I. SIGNALS- 


Approxi- 
imate Approximate 
Radia- Antenna 
tion Current 


Eiffel Tower|10 h.35 m. .| 85m. | 85 amp. (spark) 
Nantes. ... (14 h.15 m. ‚| 135 180 
Bordeaux. .|19 h.55 m. .| 170 480 
Rome ..... 16h. . | 120 100 


The following American stations are expected to begin send- 
ing URSI signals in the near future. 


Approxi- 
mate 
Radia- 
tion 
Height 


Approxi- 
mate 
Antenna 
Current 


New Brunswick, New Jersey! 13,600 т. бб т. | 590 amp. 


Radio Central (Long Island, 

New York) 80 702 
Marion, Massachusetts. .... 11,620 66 600 
Annapolis, Maryland. ......| 17,200 ! 130 250 
(Sends time signals at 16h. 

DOTS) umama eed bas 


The following British stations are expected to send URSI 
signals. 
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Leafield 
Northolt 
Horsea 
Kidbrook 
Constantinople 
Chfden 
Carnarvon 
A large amount of work in the field of this committee has 
already been done by several observers in various parts of the 
world, particularly by Dr. Austin, chairman of the Committee. 
Results are published in the PROCEEDINGS OF THE INSTITUTE OF 
Rapio ENGINEERS, which has been designated as the official 
organ of publication of the American Section. There are various 
subordinate problems also within the purview of this committee, 
such as the angle of tilt of a wave front under various topo- 
graphical conditions and for various types of waves. 
la. VARIATIONS OF Rapio Wave DikectTion.—Chairman, 
Commander A. H. Taylor, Naval Aircraft Radio Laboratory, 
Anacostia, D. C. This is a Subeommittee of Committee 1, 
Radio Wave Transmission Phenomena. The principal object 
of research is the variation of wave direction with time. Bend- 
ing of the waves by topography or bodies of water is another 
object. The study of direction finder errors due to conditions 
at the receiving station is of collateral interest. The results of 
the observations taken to date indicate that the wave directions, 
for wave lengths above 4,000 incters, are subject to rapid and 
violent fluctuations; that the fluctuations are greater at night 
than by day; that the variations are probably greater at dis- 
tances between 100 and 300 miles (160 and 480 km.) than for 
either shorter or longer distances; that the variations are less 
for damped than for undumped waves; that the variations are 
less over sea than over land. These conclusions are only pre- 
liminary, and more observational data on all these points are 
desirable. Further study in particular is desired on: (a) Short- 
wave direction variations of continuous wave and broadcasting 
stations; (b) damped wave variations; (e) night. variations on 
wave length over 2,100 meters; (d) observations on all wave 
lengths at sea. Data may be taken either with or without 
compensation of minimum, that is, special means to reduce 
signal to zero at minimum position of dircetion finder; but the 
observer should always record the type of compensation used, 
if any. 
2. ATMOSPHERIC DistTURBANCES.—Chainman, Commander 
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А. H. Taylor, Naval Aircraft Radio Laboratory, Anacostia, 
D. C. The work includes measurement of the intensity and 
direction of propagation of atmospherics (''strays", "static"), 
and daily and seasonal variations. The problem is compli- 
cated by the numerous types of atmospherics that occur. The 
rumbling type, which is the most important, seems to consist 
of a spectrum of strongly damped waves. It is frequently 
directive, that is, comes from a definite direction. Thus a 
considerable portion of the atmospheries in the United States 
appear to come from the region of Texas. The particular sub- 
jects on which work should be done are: (a) directivity of the 
various types of atmospherics; (b) the question whether the 
various types are single pulses or а spectrum; (c) systematic 
measurement of intensity at different wave frequencies at 
different times of day; (d) systematic daily measurement of 
direction of directive types; (e) comparison with other phe- 
nomena such as sun spots, temperature, earth currents, weather, 
and so on. 

3. METHODS OF MEASUREMENT AND STANDARDs.—Chair- 
man, Dr. J. H. Dellinger, Bureau of Standards, Washington, 
D. C. The work of this committee is the development of radio 
measurements and standards, in general and also with particular 
view to the work of the other U.R.S.I. committees. One of 
the first problems calling for extensive observations is com- 
parison of the wave frequency standards in use by measurements 
of wave frequency of stations transmitting waves of known 
frequency. Standard signals of this kind are transmitted from 
the Bureau of Standards about once а month; announcements 
of exact date are given in the Radio Service Bulletin.? 

Measurements on the wave frequency of the high-power 
stations listed under 1 above are of value when made simul- 
taneously by two or more observers. Standard wave lengths are 
transmitted by the Eiffel Tower and Lyons stations in France 
on the first and fifteenth of each month. The transmissions are 
between 18:00 and 18:30 Greenwich time, on approximately 
5,000, 7,000, 10,000, and 15,000 meters. Another part of the 
work is improvement and standardization of methods for mea- 
suring field intensity of received waves and atmospherics, in- 
cluding the relating of signal intensity to field intensity, and the 
development of recording apparatus for continuous measure- 
ment of intensity. Collateral problems are the measurement of 


3 A monthly publication of the Department of Commerce, obtainable for 
25 cents per year from the Superintendent of Documents, Government Print- 
ing Office, Washington, D. C. 
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radiation resistance, current distribution, and effective height 
of antennas. The improvement of apparatus for routine obser- 
vations of direction of waves and atmospherics is another line, 
including the study of “antenna effect," induction from sur- 
roundings, and use of balancing condensers. This committee 
also fosters progress on measurements and standards of capacity, 
inductance, resistance, current, and the like. 

4. MEASUREMENT OF RADIATION CAUSING INTERFERENCE.— 
Chairman, Mr. E. F. W. Alexanderson, Radio Corporation of 
America, New York City. This committee has in view the 
measurement of what has been called “improper radiation" or 
"objectionable emissions." This involves the study of the 
distribution of wave field intensity with frequency. These 
measurements upon transmitted radio waves may be made in 
large part with the same apparatus used in the measurement 
of wave intensity, in work of committee on “Radio Wave Trans- 
mission Phenomena." The frequency breadth of a wave deter- 
mines the interference it produces, whether such breadth is 
due to modulation, high signaling speed, spacing wave, actual 
decrement, harmonics, variation of generator frequency, and 
so on. Besides regular measurements on wave breadth, and 
perhaps prior to any extensive observations of that kind, there 
is need for: (a) devices to obtain resonance curve of wave form 
of a distant station modulated by speech or other arbitrary 
modulation; (b) simple analytic solution of problem of getting 
actual wave distribution from observed resonance curve, elim- 
inating effect of measuring instrument; (c) mechanical device 
to replace analytic solution. 

5. ELECTRON TuBEs.—Chairman, Dr. F. B. Jewett, Western 
Electric Company, New York City. The character of this 
committee's work differs somewhat from those above. Research 
on electron tubes is necessarily of individual laboratory type. 
While there are many interesting and important research prob- 
lems awaiting solution, the Committee’s work as such has 
not yet been specifically outlined. 

6. *LrarsoN."— Chairman, Dr. A. E. Kennelly, Harvard 
University, Cambridge, Massachusetts. This is not strictly 
a technical committee. Its purpose is to facilitate the par- 
ticipation of operators, amateurs, and untrained observers in 
the recording of data of importance to the technical work of 
the International Union. 

There is fruitful work for many years in the program as 
outlined above, which should have value not only for the better 
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understanding and use of radio but also in the problems of 
geophysics, composition of the atmosphere, and other fields. 
Observers contemplating participation in the work should wher- 
ever possible plan to continue for at least à year, thus covering 
seasonal variations. Observations at sea are likely to be of 
particular value, as they have been fewest in the past, and 
because the radio phenomena are in general less complicated 
than on land. 

It is believed that radio is unique among the few fields 
having special adaptability to a large-scale international re- 
search. program. The phenomena that must be studied are 
world-wide in extent, and yet are in large measure subject to 
control of the experimenters. It is a field of work that has large 
possibilities for the future, and the surface only has been touched 
in the work done so far. Great progress can be made in the 
understanding of radio phenomena when widespread observa- 
tions are taken, similar to the organized observational work on 
weather, earthquake, and terrestrial magnetic phenomena. 

As previously stated, the chairman of each of these com- 
mittees will be glad to receive communications from all persons 
who desire to co-operate in the work, and will furnish further 
information, data on methods of measuring, and so on. The 
American Section is especially desirous of gaining the co-opera- 
tion of workers in universities and technical schools. The 
author of this article is Technical Secretary of the American 
Section, and will be glad to reply to general communications, 
requests for bibliographies or research suggestions, questions 
applying simultaneously to several of the Committees, and 
reports of work done. 

Washington, D. C. 


RECEIVING MEASUREMENTS AND ATMOSPHERIC 
DISTURBANCES AT THE UNITED STATES 
NAVAL RADIO RESEARCH LABORATORY, 
BUREAU OF STANDARDS, WASHINGTON, 

NOVEMBER AND DECEMBER, 1922* 


Bv 
L. W. AUSTIN 


(UNITED STATES NAVAL RADIO RESEARCH LABORATORY, WASHINGTON, D.C.) 


(Communication from the International Union for Scientific 
Radio Telegraphy) 


The observations given were taken as before. 

It is seen that the afternoon fading noted during the summer 
has entirely disappeared, the three o'clock signals being generally 
stronger than those of the forenoon, due to the approach of sun- 
set. The disturbances have fallen to а low value, being gener- 
ally weaker than the signals. 

During а part of November, the antenna current at Nauen 
was reduced to about 280 amperes while changes were being 
made in the station. This explains in part the low observed 
values of the Nauen signals during that month. | 

Lafayette did not send regularly during the forenoon in 
November and was not observed at all before noon during 
December. 

The calculated signal intensities, assuming 480 amperes at 
Lafayette and 380 amperes at Nauen, are 


E (Lafayette) 231.5.10 5 volts/meter 
E (Nauen) 215.3.10 ° volts/meter 
*Received by the Editor, February 21, 1923. 


423,400 m. 
¿= 12,500 m. 


۸= 23,400 m. 
47 12,500 m. 
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FIELD INTENSITY OF LAFAYETTE AND OF DISTURBANCES 
(42 23,400 m.) In NOVEMBER, 1922, IN MICRO-VOLTS PER METER 
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*Not heard. 
....Not taken. 


85 


FIELD INTENSITY OF NAUEN AND OF DISTURBANCES 
(4= 12,500 m.) IN NOVEMBER, 1922, IN MiCRO-VOLTS PER METER 
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M ——— ——— 


| | Dis- 
Date | Signal , turbances turbances 


40 30 
30 
10 


ць к= QJ 
w Фф GO 
о С 


— w CoO tQ 
c» oo to o 2 ES 5 


cCoowowuweowwoooooooc 


0 
0 
E 
8 5 
0 
5 

5. | 

ee ee oe ee = 
* n 
* е "Rc 


Average 


*Not heard. 
.... Not taken. 


FIELD INTENSITY OF LAFAYETTE AND OF DISTURBANCES 
(A= 23,400 m.) IN DECEMBER, 1922, IN MICRO-VOLTS PER METER 


Dis- 
turbances 


Average 


*Not heard. 
....NOt taken. 


FIELD INTENSITY OF NAUEN AND OF DISTURBANCES 
(A= 12,500 m.) IN DECEMBER, 1922, IN MicRO-voLTS PER METER 


10 A. M. | 3 P.M. 
s Dis- : Dis- 
Date Signal | turbances Signal | turbances 
1 | ANN 22 | 47.0 6 
2 21.0 15 |. 47.0 8 
4 35.0 12 | 34.0 9 
5 30.4 20 | 20.5 | 18 
6 27.0 20 25.0 | 32 
7 29.0 20 21.5 30 
8 18.4 5 19.0 25 
9 16.2 10 21.5 19 
11 13.7 40 21.5 10 
12 |... 20.5 20 | £ 32 
13 | x: 10 | 21.5 12 
14 20.5 5 | 27.0 10 
15 15.4 10 20.5 12 
16 15.0 15 21.5 15 
1% оз 10 17.4 15 
19 15.0 15 17.0 15 
20) 20.1 10 21.5 15 
21 19.2 15 17.0 10 
22 ут 15 14.7 Š 
25 27.8 10 "m 
26 19.2 5 21.8 12 
27 23.4 7 17.0 12 
2⁄ 85 4 17.0 10 
20 13.0 T OE 8 
30 17.0 6 17.0 8 
Average 24.0 Bat 4 4.2 15.9 


*Not heard. 
22. Not taken. 


SUMMARY: Field intensities of the signals from the Lafayette and Nauen 
stations, together with the simultaneous strengths of the atmospheric dis- 
turbances, are given for November and December, 1922. 
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A COMBINED KENOTRON RECTIFIER AND PLIOTRON 
RECEIVER CAPABLE OF OPERATION BY ALTER- 
NATING CURRENT POWER* 


Bv 
ALBERT W. HULL 


(RESEARCH LABORATORY, GENERAL ELECTRIC COMPANY, SCHENECTADY 
NEW YORK) 


1—INTRODUCTION 


The tube to be described is a combination of kenotron recti- 
fier and pliotron with equipotential cathode. Equipotential 
cathodes, heated by radiation or bombardment from an internal 
filament, have long been in use in scientific investigations, and 
have frequently been suggested for pliotrons in order to obtain 
better amplifving and detecting characteristics.) It is obvious 
that a cathode of this kind in a pliotron could be heated bv 
alternating eurrent without producing appreciable alternating 
current hum in the output circuit. 

The use of kenotron rectifiers for supplving plate voltage 
is also well known, and has become common practice in radio 
transmission. The combination of these two functions in a sin- 
gle four-element tube is new, so far as I know, and has interesting 
characteristics. 

2—-PRINCIPLE 

The principle of the combined kenotron and photron will be 
obvious from Figure 1, which shows a tvpical two-tube alternating 
current receiving equipment, with kenotron rectifier furnishing 
plate voltage for a pliotron detector. The heating battery for 
the pliotron cathode is omitted. The only point to be noted on 
this figure is the fact that the anode of the kenotron 1s connected 
directly to the cathode of the pliotron. It is evident that the 
operation would be the same if these two elements were com- 
bined into one, that is, if the kenotron were incorporated in the 
pliotron, and its anode used as pliotron cathode. The kenotron 

*Received by the Editor, October 9, 1922. Presented before Tur 
INSTITUTE OF RADIO ENGINEERS, New York, November 1, 1922. 


Í Nicolson, United States Patent, 1,169,182; Morecroft, "Principles of 
Radio Communication," page 379. 
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filament furnishes sufficient heat, by radiation, to enable this 
combined anode-eathode to emit electrons. The resulting tube 
and circuit is shown in Figure 2. The filament performs the 
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KENOT RON PLIOTRON 


Pictre 1 -Diagram of ordinary pliotron receiving circuit, with 
kenotron rectifier supplying plate voltage 


double function of cathode for a kenotron rectifier that provides 
plate voltage, and radiant heater for the pliotron cathode. The 
cylinder which surrounds the filament acts at the same time as 
pliotron cathode and as anode of the kenotron rectifier. 


HIOVOLTS 
AC. 


PLIOTRON KENOTRON 
CATHODE CATHODE 


леске 2- “The same circuit as Figure 1, with 
kenotron incorporated in the pliotron 


3— CONSTRUCTION 

The essential construction ean be seen in Figure 2. The 
structural features of one form of tube are shown in ligure 3. 
The filament is a helix of tungsten. wire, maintained at ap- 
proximately 2.300? K. by 2 amperes alternating current at 5 
volts. At this temperature it has ample electron emission for 
Its funetion as kenotron rectifier, and its radiation heats the sur- 
rounding cathode to a temperature at whieh it also has sufficient 
electron emission. The cathode is a nickel cylinder 13 inch 
(0.32 em.) in diameter by E! inehes (2.86 em.) long, coated 
with barium oxide. Grid and plate are concentric evlinders 
surrounding the cathode, the grid being a helix. 1 inch 
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(2.54 ст.) long by 14 inch (0.64 cm.) diameter, consisting of 40 
turns of 3 mil (0.008 em.) molybdenum wire. 


Figure 3— Drawing of a laboratory model of new tube 


Figure 4 gives а cross-section view of а tube suitable for 
operation from a lamp socket, without transformers. The fila- 
ment is а standard tungsten helix, such as is used in gas-filled 
tungsten lamps, and the cathode a nickel cylinder 1 inch (1.27 
cm.) in diameter by 11⁄ inches (3.81 cm.) long. 


FIGURE Caccia jae of a tube with 110-volt filament 


4—CIRCUIT 

A typical receiving circuit, using a single tube of the type 
shown in Figure 3, is sketched in Figure 5. Filament voltage is 
obtained from a small step-down transformer. One side of the 
110-volt alternating current power line is connected to the fila- 
ment, the other side to the plate terminal, so that the filament 
swings up and down + 110 volts with respect to the plate ter- 
minal. On the negative swing it feeds current to the cathode, 
which current is stored by the first condenser, Ci, and further 
smoothed by the combined action of the second condenser, С», 
and resistance r. 

Figure 6 shows a single tube with 110 volt filament acting 
as radio detector, using the alternating current power line ae 
antenna. In this case the only accessory apparatus is the tele 
phones, filter, and tuning unit. 


5—RECTIFICATION 


With a single tube used as half-wave rectifier, as shown 1n 
Figures 2 and 5, it is necessary that the outside surface of the 
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cathode should have a higher electron emissivity than the inside 
in order that rectification may result. This may easily be ac- 
complished by covering the outside of the cathode with an oxide 


cH 


Fiaure 6—Receiving circuit for 110-volt tube, using power 
line as antenna 
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coating. The necessity for unilateral electron emissivity 18 
removed when full wave rectification is used. If a single tube 
with 110 volt filament is used a sfull-wave rectifier, as shown in 
Figure 4, the electron emission from the inside of the cathode 
may be the same as from the outside, provided it is less than 
that of the filament. For in this case the cathode is always re- 
ceiving electrons from one end of the filament at the same time 
that it is emitting them to the other end, and it is only neces- 
sary that the number received should be in excess. 


6— FILTER 


А resistance-capacity filter gives satisfactory operation, and 
is lighter and cheaper than the usual inductance-capacity 
filter. The filter shown diagrammatically in Figure 6, which 
consists of three 2-microfarad condensers and two 4,000-ohm 
resistances, is capable of furnishing 5 milliamperes at 60 volts 
with half-wave rectification. A ground connection is generally 
not necessary, as the alternating current line is sufficiently 
grounded. No harm can be done, however, by grounding the 
circuit at any point, except as it may interfere with operation 
or introduce alternating current hum. It is preferable to ground 
thru a condenser, as shown in Figure 5. 


7—CHARACTERISTICS 


The volt-ampere characteristics of & tube similar to that 
sketched in Figure 3 are shown in Figures 7 апа 8. For com- 
parison, the characteristics of a standard UV-201 amplifier tube, 
at the same plate voltage, are shown on the same plot. It will 
be noted that the characteristics of the new tube are much 
steeper than those of the UV-201, as might be expected from its 
large cathode area and equipotential surface. The values of 
mutual conductance, plate resistance, and amplification constant 
for the equipotential-cathode tube shown are 1.50x10 `š, 18,000, 
and 27, respectively, as compared with 0.28, 20,000, and 6.0 for 
the UV-201. It will also be noted that the grid current char- 
acteristic is much steeper than that of the UV-201, so that а 
higher detection co-efficient may be expected. 


8— OPERATION 
The tube here described is in an ordinary pliotron in every 
respect except the method of supplying power to the plate and 
cathode. Hence its operating characteristics are identical with 
those of standard pliotrons, and the only points of interest are 
93 
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the degree of amplification and detection, and the amount of 
alternating current hum introduced by the 60-cycle current. 

The voltage amplification per tube is about four times that 
of the UV-201, at both radio and audio frequencies. This is 
especially significant in the case of radio frequency. At 300 
meters, a resistance coupled UV-201 amplifier gives a voltage 
amplification of 2.0 per tube. The equipotential cathode tubes 
that have been measured average 7-fold voltage amplification 
with resistance coupling. А single tube is thus nearly the 
equivalent of 3 UV-201 tubes. 

Under normal circuit conditions alternating current hum 
cannot be heard when а single tube is used as amplifier or de- 
tector. With two tubes in series, the hum can be heard only 
when the telephones are pressed tightly on the head. With 
three tubes in series the hum is quite noticeable, but not ob- 
jectionable. A large part of this hum is probably due to circuit 
induction, and can be eliminated by shielding. 

Ап important operating feature of this type of receiving 
equipment is its safety. Nothing that the operator can do can 
harm either himself, the receiving tube, or the lighting circuit. 
The alternating current power terminals are made inaccessible 
by the use of standard lamp receptacles and plugs, and all exposed 
terminals are protected by high resistances. No injury can be 
done to the tube by short-circuiting either the pliotron or the 
kenotron part. 


9—CoMPARISON WITH OTHER METHODS 


The only other method that has been tried for receiving with 
alternating current power is the use of standard pliotrons with 
a mid-point connection to the filament transformer. Plate 
voltage is furnished by kenotrons and filter. With symmetrical 
tubes and a perfectly linear plate current-grid voltage char- 
acteristic, this method should be applicable to audio frequency 
amplification without alternating current disturbance. Under 
practical conditions, even with а very high impedance load in 
the plate circuit, the hum is considerable. Under the very best 
conditions it is many times louder than in the equipotential 
cathode tubes. For radio frequency amplification this method 
would be satisfactory if such amplification were large enough to 
be of interest. For radio detection, either with or without grid 
condenser, this méthod cannot be used at all. 


Research Laboratory, 
General Electric Company. 
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SUMMARY: A new type of four-element tube is described, which com- 
bines the functions of kenotron rectifier and pliotron, and can be operated 
from an alternating current source of power without either “А” or “В” 
battery. 

The cathode is an equipotential surface so that alternating current hum 
is inappreciable even with three stages in series. 

The combination of equipotential cathode and large cathode area results 
in unusually high amplification and detection constants, making the tube a 
practical radio-frequency amplifier. 
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A NEW NON-INTERFERING DETECTOR* 


By 
HAROLD P. DONLE 


(CHIEF ENGINEER, CONNECTICUT TELEPHONE AND ELECTRIC 
CoMPANY, MERIDEN, CONNECTICUT) 


One of the least efficient elements of modern radio is, despite 
the large amount of development since coherer days, the detecting 
system. Our best detectors are insensitive things when com- 
pared to galvanometers or telephones, and there appears room 
for considerable advance in increasing detector effectiveness. The 
present paper describes a radically new way of securing depend- 
able detectors having high sensitiveness, which, it is hoped, will 
be considered to mark a step forward. 

The ordinary three-element tube as a simple detector is not 
nearly sensitive enough to satisfy the present demands. Many 
attempts have been made to increase this sensitivity by including 
within the tube a gaseous atmosphere and while extremely 
effective detectors have been thus produced, they have required 
very delicate adjustment and in the majority of cases were not 
stable and required constant attention. Furthermore, it has 
been found practically impossible to reproduce in quantity tubes 
of uniformly maximum sensitivity. 

The three-element electron tube and regenerative circuit is 
largely used at present for reception of radio signals. While it 
gives excellent results and certainly far exceeds in response any 
other method disclosed to date, nevertheless it has certain dis- 
advantages and its widespread use has created a situation which 
is bound to retard the popular use of radio. 

By using the three-element detector in а regenerative circuit 
greatly inereased sensitivity is secured, but if regeneration is 
carried far enough to give worth-while response, there is produced 
considerable signal distortion. Furthermore, adjustments are 
critical, the slightest variation in capacity destroying the opera- 
ting adjustment. What is still more important, the radiation 

"Received by the Editor, November 24, 1922. Presented before the 


Boston Section, November 10, 1922, and before THE INSTITUTE OF RADIO 
ENGINEERS, New York, December 20, 1922. 
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from many regenerative circuits, particularly in the hands of 
inexperienced operators, creates an alarming amount of inter- 
ference which if continued will seriously hamper reception of the 
present broadcasting programs. 

There seems to be a definite need for a receiving tube which 
under no condition can radiate any energy from the antenna to 
produce interference, which can be easily adjusted, which is not 
affected by the body capacity while the circuit is being tuned, 
and yet which secures all this at no sacrifice of sensitivity and 
loudness of response. 

For several years we have conducted experiments on many 
different forms of detectors, and particularly upon detectors 
employing ionization of metallic atoms. This was a most prom- 
ising field of development since such ionization was found to be 
readily controlled and stable. As one of the results of this work 
we have developed the present tube which is the logical result of 
experimental work which we have done along these lines. This 
new tube has none of the disadvantages of regenerative and 
gaseous detector systems above mentioned. ` Its method of opera- 
tion seems to involve many interesting phenomena, which are 
radically different from those occurring in other tubes. 

The construction of one form of this tube is illustrated 
diagrammatically in Figure 1 where F is the filament, A is the 
anode, which may be of metallic sodium in the bottom of the 
tube, and H is the heater which is a short length of resistance 
wire cemented to the outside of the glass directly underneath the 
anode. This heater maintains the anode at proper operating 
temperature. C is the "collector" electrode of sheet metal bent 


FIGURE 1 


98 


into а “U” and positioned above the filament with its open side 
toward the anode. 

Figure 2 shows these various parts before assembly and Fig- 
ure 3 a finished tube. 


FIGURE 2 


FIGURE 3 


In operation the tube may be connected to the circuit, shown 
in Figure 4, which is simply a two-circuit tuner with one terminal 
of the secondary connected to the collector electrode of the tube 
and the other to & contact operating on a resistance connected 
directly across the filament battery terminals. The remainder 
of the circuit is as used with any simple detector. 

The adjustment of collector potential is the only one neces- 
кагу for efficient operation other than the usual variation of 
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The response secured with this tube in a plain circuit equals 
in magnitude the response from a regenerator, using maximum 
non-oscillating regeneration. А regenerative circuit under this 
condition of critical adjustment will give very considerable dis- 
tortion, which is particularly objectionable when receiving voice 
or music and which can only be eliminated by a reduction of 
regeneration and consequent reduction of signal strength. 

On the other hand, the new detector creates no noticeable 
distortion, and, as it does not oscillate over its useful range, it 
cannot create any interference with other receivers. Further- 
more, it is unaffected by small capacity changes, such as those 
produced by the operator's hand in tuning. 

The response of the tube is greatly improved by very weak 
coupling between the circuits. This is due to its very low input 
impedance which also makes the proportion of capacity and in- 
ductance of secondary circuit for maximum results quite differ- 
ent from those for other tubes. Altho the new detector can be 
used successfully in an ordinary two-circuit tuncr, results will 
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fall short of the maximum unless means are available for selecting 
the best value of secondary inductance. 

In this tube there is an electron flow from the filament to 
the collector, the magnitude of this current being due in part to 
the relatively large area of the collector and to its close proxi- 
mity to the filament. It, therefore, receives an equivalent of 
large electron flow when it is at the same potential as the nega- 
tive end of the filament. In order to reduce,this flow an oppos- 
ing potential (which may be taken from the.“A"” battery) is 
introduced into the circuit between collector and Alament. This 
potential is called the neutralizing potential and ‘is used as 
abcissas of curves shown in Figure 5, which show the variation 
in anode and collector currents Je and I. with variation of neu-` 
tralizing potential En, and also the collector current when the- 
anode circuit is open L”. The curve labelled Г. —7.' is the dif- 
ference between the collector current with the anode circuit 
completed and opened. This last curve is interesting in that it 
apparently takes into consideration various phenomena concerned 
in the operation, and its slope is practically а direct index of the 
merit of the tube as a detector. 

These curves show some of the fundamental character- 
istics of the tube. The abrupt bend in the collector current at 
Е. = —1.8 is a point at which maximum detection would be 
expected to take place, according to the usual conception of 
detection as being due to rectification over a section of the char- 
acteristic slope where the rate of change is large. One would 
also gather from this curve that the effect of à signal impressed 
would be to increase the average value of the collector and anode 
currents. Altho some detection takes place on this part of the 
curve, in magnitude it is not comparable to that secured over the 
sensitive portion of the slope. The point of maximum sensitivity 
for these curves is at Е. = — 1.4 volts, which is at a relatively 
flat portion of the collector current curve and considerably above 
the lower bend. Furthermore, a signal impressed on the collector 
circuit always gives a decrease in collector current regardless of 
whether the characteristic curve at the sensitive poirit is concave 
or convex, many examples of both types having been observed. 
It should also be noted that this point of maximum sensitivity 
occurs somewhat above the center of the Ie— I.’ curve. Another 
point of interest in connection with these curves is the values at 
operating potentials of collector and anode currents, the collector 
current usually being two to four times that of the anode. 
Special attention should be given also to the large changes of 
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eurrent produced Ьу small changes of neutralizing potential. 

Figure 6 shows the collector and anode currents at various 
values of anode potential Ea, but is of little interest in the present 
discussion except to show the very slight variation in collector 
current and the slow slope of.anode current as a function of anode 
voltage. Considerable amplification might be expected from a 
superficial examinztiən of these two anode current curves, 
Figures 5 and 67 -Hewever, the tube is not in fact an amplifier, 
probably on account of the comparatively high input power re- 
quired for operation. It nevertheless has a high so-called vol- 
tage amplification, which in some cases runs as high as 400. 


CURRENT IN MICROAMPERES 
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FIGURE 5 


To determine some of the predominant features of the new 
tube in comparison with older tvpes, a special tube was built, 
having filament and collector structure exactly as in Figure 1. 
but with the sodium anode replaced by a molybdenum plate, 
This special tube, like the usual new type, was evacuated: to a 
high degree so as to preclude gas ionization. Since it contained 
no ionization metal, it operated on the pure electron basis. In 
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the circuit of Figure 4 it showed none of the sensitive response 
which was had with the sodium tube. Characteristic curves for 
the special pure electron tube are shown in Figure 7; these were 
taken under conditions identical with those for curves of Figure 
5. The effect of the new ionization phenomena on the form of 
these curves can be readily scen. 

А most interesting point in comparison of these character- 
istic curves of Figures 5 and 7 is that in Figure 5 the collector 
current is increased by the completion of the anode circuit, 
while with Figure 7 the collector current decreases when the anode 
is connected, this last being similar to the effect on grid current 
when the anode circuit is opened in the ordinary three electrode 
tube. As shown in Figure 5, when the operating phenomena 
of the sodium tube are broken up by too high a neutralizing 
potential, we also secure the same result, that is, an increase 
in collector current when the anode is disconnected. 

Figure 8 shows the change in collector current of the sodium 
tube for impressed signals of different wave lengths. The ordi- 
nates of this curve show in micro-amperes the actual decrease 
in collector current caused by a signal of variable frequency, but 
of constant amplitude. This curve shows that the response for 
the particular tube on which this data was taken becomes small 
above the wave length of 1,000 meters, and that below this wave 
length detection increases rapidly. This might seem to indicate 
a limited wave length band of operation for this type of tube, 
but the entire shape and position of this curve depends upon the 
relative potentials of the tube electrodes and upon their propor- 
tions and relative positions. It is possible radically to change 
this curve by a simple variation of the neutralizing potential. 
It is also possible by a proper selection of values to secure a 
serrated form of this curve of which Figure 9 is a typical example. 

The possibilities indicated by this curve in the elimination 
of interference are obvious. 

Figure 10 shows the variation in collector current at various 
values of Es due to an impressed signal of constant frequency on 
the collector circuit. Thus it represents the range of the neutral- 
izing potential for a signal, and gives some idea of the ease of 
adjustment of this variable for maximum signal. This adjust- 
ment is obviously broad and allows a relatively wide variation 
of neutralizing potential for an audible signal, making it simple 
and easy to locate the point of maximum sensitivity. 

It might be of interest to state that the data for this curve 
was obtained while the tube was functioning on an antenna and 
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that the ordinates represent the change in collector current pro- 
duced by a signal from WOR (Newark, New Jersey) as received 
in} Meriden, Connecticut, 100 miles (160 km.) away. 


CHANGE IN iç CAUSED BY SIGNALS 
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FIGURE 8 


The effect shown in Figure 8 of signal frequency on response 
given by the tube, a most interesting phenomenon, is a conse- 
quence of a constant pulsation of collector current, the time period 
of which is controlled in part by relative electrode potentials and 
the position of the electrodes. This frequency of pulsation is 
low compared with the lowest frequency at which the tube is a 
sensitive detector. Furthermore, this pulsation of collector cur- 
rent at low radio frequencies is in no way affected by a capacity- 
inductance circuit associated with the tube. For example, if 
the collector electrode is connected directly to the contact on the 
potentiometer, with no periodic circuit interposed, the circuit 
will oscillate at a low radio frequency, the value of which is de- . 
termined by the various factors set forth as above. Furthermore, 
when the tube is oscillating at а particular frequency, inserting 
a closed capacity-inductance circuit in series with the collector 
will have little effect on the oscillation of the tube. 

The fundamental frequency of collector current pulsation 
for curve of Figure 8 was 74,300 cycles per second and it was 
possible to detect by use of an amplifier the first and second har- 
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monies, both of which were obviously at frequencies well below 
the sensitive range. 
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Altho the collector current pulsates at low frequencies, the 
tube is entirely ineffective as a heterodyne receiver due to the 
almost negligible detection at this frequency. As can be observed 
by an examination of Figure 8, no appreciable detection takes 
place until the signal frequency is at least four or five times the 
fundamental pulsation frequency. 

The fact that the collector current pulsates and that this 
pulsation is not affected by a capacity-inductance circuit dem- 
onstrates that there is within the tube а mechanism, necessarily 
connected with ionization, which causes an alternate build-up 
and break of current in the collector circuit. 

When the alternating potential of a signal is applied to the 
eollector circuit, the pulsation is impeded to a greater or less 
extent depending upon the amplitude and frequency of this 
potential. Furthermore, since the pulsation causes & build-up 
of average collector current, the effect of & signal in this circuit 
is invariably to reduce the average value of this current. 

Since slow changes in the collector circuit current are re- 
flected in the anode circuit, a decrease of the average value of 
the collector current will result in a like decrease in the anode 
current, but this occurs without any appreciable amplification. 
By experiment on large number of tubes the ratio of change 
of power in collector circuit to resulting power change in anode 
circuit was found to be approximately unity. 

This lack of amplification accompanying the detection effects, 
makes it feasible to operate the tube with an indicating device, 
such as a telephone receiver, placed directly in the collector 
circuit instead of in the anode circuit as shown in Figure 4. 
This is of interest, altho results are not quite as good as with the 
normal circuit (Figure 4), due to the fact that in the low imped- 
ance circuit, the high resistance of the receivers interferes with 
proper functioning. The anode circuit impedance is well suited 
to the standard telephones and transformers on the market. 

With the telephones in the collector circvit the device might 
seem to be more or less the equivalent of a two-element tube, but 
the contrary is true, however, for with this connection, if the anode 
circuit is opened, no operation whatever will be secured, thus 
demonstrating that satisfactory operation depends upon the 
presence of this new anode circuit. 

The action of this tube depends upon ionization produced 
by electrons emitted from the filament. It is, however, not the 
purpose of this brief paper to go into detail beyond a description 
of some of the most interesting characteristics. 
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The use of an easily vaporized anode metal allows great 
possibilities in the way of controlling ionization, in part because 
it becomes possible to secure а very sharp density gradient of 
atoms available for ionization, and to supply these atoms con- 
tinuously at the proper rate required for operation, thus leaving 
unrestricted the mean free path beyond the zones of ionization. 

Sodium is & convenient metal of this type, but similar useful 
effects have already been secured from a variety of differently 
composed anode materials. The present paper describes only 
one of the structures used with the sodium anode in this tube, the 
supply of atoms being regulated by the temperature of the anode 
and this varied by the external heater. In practice the heater 
15 connected in series with the filament, and the two are thus 
controlled simultaneously. 

At first thought it would seem necessary to allow a con- 
siderable time after lighting the tube filament before the anode 
would become sufficiently hot. That is, however, not the case 
on account of the following most interesting phenomenon. 
When the filament is first lighted the anode receives à small 
amount of heat by direct radiation from the filament and there 
will be, even at this relatively low temperature, a considerable 
emission of particles from this anode. This emission will, 
however, decay with time, and in a period of possibly one hour 
it will have reached a small fraction of its initial value. However, 
with the external heater connected in series with the filament, as 
described above, when the filament is lighted the anode will com- 
тепсе to receive heat from this heater. Its effect in raising 
the anode temperature will be necessarily slow on account of the 
interposition of the glass wall of the tube, but the temperature 
of the anode will be increased by this heater at a rate approxi- 
mately correct to compensate for the decay of the initial emis- 
sion, and thus the emission of particles from the anode will be- 
come fairly constant within a few seconds after the tube is first 
lighted. The result of this combination of affairs is that when 
the tube is lighted it is almost immediately in operative condi- 
tion, altho in some cases a slight re-adjustment of neutral- 
izing potential is later necessary to maintain а maximum sen- 
sitivity. 

Ionization controlled in this way is extremely stable and 
these tubes may be maintained in their most sensitive adjust- 
ment for long periods of time. "This is an impossibility with а 
gaseous detector. Also, with this type of ionization, it is possible 
to manufacture in quantity tubes with little if any variation of 
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sensitivity. Тһе tubes will remain substantially constant in 
sensitiveness thruout their life. 

It is felt that the unique characteristics of this device and its 
inherent advantages over prior detectors should offer a new 
avenue of approach to the problem of detection. By replacing, 
without loss of sensitiveness, many of the regenerators now in 
use the new tube should further help to eliminate much of the 
present disagreeable interference. 


Research Laboratory of 
the Connecticut Telephone and Electric Company, 
Meriden, Connecticut, 
November 8, 1922. 


SUMMARY: А new detector of high sensitivity is described which to the 
stimuli of weak impulses gives a response at least equal to a regenerator with 
the most critical regeneration. This high sensitivity is secured with the use of 
metallic ionization and a new electrode termed the “collector.” Ionization of 
this type is readily controlled and stable and makes it possible to secure uni- 
form characteristics on production tubes. 

Static characteristics are given and show some points of particular inter- 
est such as, for example, the high value of current to collector as compared 
with the anode current. Curves are also given showing the effect of frequency 
on response, indicating great possibilities in the elimination of interference. 
The effect of a signal is shown to always decrease the steady value of the col- 
lector and anode currents irrespective of the shape of the characteristic curve. 

As this detector does not oscillate thruout its sensitive range it obviously 
cannot radiate any energy and, therefore, interfere with broadcast reception 
by neighboring receivers. 
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A HIGH VOLTAGE MECHANICAL RECTIFI ER* 


By 
S. T. WoobHULL 


ENGINEERING MANAGER, (AMERICAN RADIO AND RESEARCH CORPORATION’ 
MEDFORD HILLSIDE, MASSACHUSETTS) 


The conventional ty pe of direct current generator of small power 
is limited to about 1,000 volts per commutator, because of the 
difficulty of insulating the commutator segments and armature 
windings in the small space. In generators for operation of 
radio transmitting equipment, insulation troubles are more pro- 
nounced because of the possibility of radio frequency surges 
getting back into the winding. The voltages of these surges 
are not equally distributed thruout the winding, but builds up 
in the first few turns of the armature coils. Altho surge voltages 
in themselves seldom exceed twice normal voltage, the voltage 
will subject the outer turns of the coil to many times normal 
voltage. 

Many devices are in service to provide a generator for direct 
current, such as thermionic tubes, gaseous conduction, mechan- 
ical rectifiers and, of course, many well-insulated, direct-current 
generators of the conventional type. 

The purpose of this paper is to describe a direct-current gen- 
erator of the mechanical rectifier type, using transformer action 
for the generation of the high voltage and a synchronous commu- 
tator for its rectification. 

The generating equipment comprises a polyphase alternating 
current generator with an extension shaft, on which is mounted 
the rectifying commutator, having segments corresponding to 
the phases of the generator. A single phase transformer is pro- 
vided for each phase for stepping up the voltage before rectifica- 
tion. In practice nine phases are found suitable for transmitter 
operation. 

The schematic wiring diagram (Figure 1) showsthe connections 
for a two-pole, three-phase machine. A represents the generator, 
B the single-phase transformer, and C the commutator segments. 
Slip rings D are provided for collecting the direct current. 

* Received by the Editor, December 1, 1922. 
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It will be noticed in this circuit that, differing from the com- 
mon type of mechanical rectifiers, the secondaries of the trans- 
formers are connected in series. The commutator segments are 
shown displaced 120 degrees to correspond to the phase rotation 
of the generator. The series connection of the transformer in 
a nine-phase machine reduces the voltage commutated per pair 
of brushes to approximately 25 per cent. of line voltage. This 
connection, therefore, very naturally reduces commutator insu- 
lation. The ripple of the delivered current is the same as that 
encountered in commutating line voltage per pair of brushes, 
which is approximately 5 per cent. of delivered voltage. 


FIGURE 1 


The generator should be wound with one slot per phase per 
pole in order to provide а wave having a long zero potential, so 
that the point oi commutation is not critical. Since the point 
of commutation depends upon the power factor, the generator 
synchronous impedance should be as small as possible. 

The transformer design is of the closed core type, having a 
primary and secondary winding on each leg. Switching mechan- 
ism can be provided for throwing the secondaries in series or 
parallel to give wide variation of voltage. Following the same 
design as the generator, the leakage of the transformer should 
be kept to a minimum. Insulation of the transformers should be 
suitable for full line potential, both between primary and sec- 
ondary and secondary and core. It is preferable to double space 
the first few turns of the secondary winding to more equally 
distribute surge potentials. 

The commutator offers most of the difficulties in design. It 
is best solved by the use of an air brake type in which all insu- 
lating materials are kept from the commutation surface. The 
commutator segments may be cast and turned true after assem- 
bly. Insulation between segments is provided bv discs of 
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smaller diameter than the commutator segments. These 
dises also insulate the segments from the shaft. The brushes 
must, of course, be wide enough to span the break, so that 
the circuit is continuous. The sparking which accompanies 
this type of commutator can be decreased to а negligible 
amount by the addition of a one microfarad condenser across 
each pair of brushes. Provision is made for rotating the brushes 
with respect to the commutator to find the best point of commu- 
tation. Since the zero potential point changes with load, it is 
necessary to adjust this for each change in load. In machines 
of small power, that is, of 0.5 kilowatt capacity or less, the com- 
mutator may be adjusted for full load without injurious effects 
of sparking at no-load. 


FIGURE 2 


Figure 2 illustrates the general form of a 0.5 kilowatt, 20.000- 
volt generator. The generator proper is nine-phase, four-pole, 
1,800 revolutions per minute. Nine single phase transformers 
are mounted in the cabinet. The double-pole, double-throw 
switches on the front of the cabinet throw the secondaries in 
series or parallel. The addition of a field rheostat for the gener- 
ator provides a range of voltage from 5,000 to 20,000. Because 
of the size of the commutator required for this voltage, separate 
mountings are necessary. 

The advantage of a machine of this type is in its ease of insu- 
lation. The high voltage is limited to the transformer and com- 
mutator, both of which can be readily designed. 


SUMMARY: А mechanical power rectifier for high voltage direct current 
production is described, and its design and operation discussed. 
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RADIO TRANSMISSION MEASUREMENTS* 


By 
RALPH Bown 


(AMERICAN TELEPHONE AND TELEGRAPH COMPANY, NEW YORK) 


CARL К. ENGLUND AND H. T. FRIIS 


(WESTERN ELECTRIC Company, NEw York) 


Almost from the beginning of the radio art there has been 
sought a suitable way of measuring and expressing the strength 
of received signals and the effect of static on their readability. 
It is not until very recent years, however, that any really effective 
progress directed toward this goal has been made. This has 
been not so much due to any lack of diligence on the part of 
radio engineers as to a lack of adequate experimental tools. 
In recent months the technical press has reflected an increasing 
and world-wide interest in this subject. Our paper, as is indi- 
cated by its title, deals with such experimental measurements, 
but before going into the details of apparatus and methods we 
wish to give a few paragraphs to the fundamental background 
against which the subject should be viewed. For this reason 
we have started our presentation below with a very brief trans- 
mission analysis of the generalized radio "circuit" or system. 
rollowing this analysis there are given brief descriptions of the 
methods and apparatus which we have been developing in the 
last two years for measuring experimentally two things of 
fundamental importance, namely—absolute values of the 
electric field strength of radio waves and effective values of 
radio noise. To give the descriptions greater interest and to 
demonstrate the practicability of the methods and apparatus, 
illustrative results have been included showing cases where the 
apparatus has already been successfully used to advantage. 
These results are given, however, only as illustrations and no 
attempt is made to adequately discuss them as results. It is 
hoped that this may be done in later papers. 


* Received by the Editor, March 9, 1923. Presented before THe Їхвтї- 
TUTE OF KADIO ENGINEERS, New York, March 21, 1923. 
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TRANSMISSION ANALYSIS OF RADIO CIRCUIT 


A radio system viewed from the transmission standpoint 
splits naturally into three distinct parts as indicated in Figure 1. 
First is the transmitting end of the system in which the radio 
frequeney signal power is produced and radiated. Second is the 
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FiGvRE 1— Transmission Analysis of Radio Circuit 


ether transmission path, and third is the receiving antenna and 
Its associated receiving apparatus. In all three of these portions 
the signal-bearing currents or waves are subject to losses. In 
the first, and usually the third, they receive gains due to some 
form of amplification. The radio transmission engineer must 
so distribute the gains in the system that the minimum cost and 
the desired service efficiency are achieved. The gains are 
produced in terminal apparatus while the losses occur in the 
transmitting and receiving antenna structures and in the ether 
path between them. Before the transmitting and receiving 
apparatus can be chosen to give the most suitable partitioning 
of the gain, the losses must be isolated and evaluated. It is 
with this part of the problem that the present paper is concerned. 

In the transmitting end of the system the important ele- 
ment from the present standpoint is the radiation efficiency of 
the transmitting antenna structure. "This efficiency is defined 
as the ratio between power input to the antenna and power 
actually radiated, expressed as a percentage. The input is 
readily determined as the product of the total antenna resistance 
and the square of the antenna current, both of which may be 
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measured by well known methods. The radiated power is the 
product of the radiation resistance and the square of the antenna 
current. The radiation resistance is in accordance with the 
usual theory, 

h? 

Е = 1600 = 
The wave length being known, it remains to determine the 
effective height h. Now 

р Eid 

3771 
and antenna current respectively in kilometers and amperes, 
апа Е is the effective or root mean square value of the electric 
field strength of the radiated waves in micro-voits per meter 
at a distance d kilometers from the antenna. All of these quanti- 
ties are readily found except the field strength E. If E is mea- 
sured, all the data are available for figuring out h and the radi- 
ated power. 


It is worth while to consider some of the assumptions this 
method of evaluating the radiated power involves. It assumes 
first of all that the antenna has no directional effect. This is 
not usually the case and unless interest is confined to one direc- 
tion, measurements of E must be made in a number of directions 
and the results properly averaged. It assumes also that the 
field surrounding the antenna is the ideal one for which the 
formula is derived. This assumption is probably a safe one if 
the distance d is sufficiently large. Another assumption is that 
all losses occurring between the antenna and the point at which ` 
E is measured are antenna losses. This is really а matter of 
definition and it is, at least for present purposes, quite reason- 
able to consider as transmitting station losses those occurring 
out to the point where the waves have gotten well started on 
their way. E must be measured not closer than several wave 
lengths from the antenna to have these conditions obtain. 

For а knowledge of the performance of the ether transmission 
portion of the system, measurements of E, the electric field 
intensity of the waves, are needed at à number of places along 
their route of travel beginning at а point suitably near the 
transmitting station as discussed above and continuing to the 
receiving station. 

At the receiving station, which forms the third portion ot 
the system, another factor enters into consideration. Inter- 
fering electric waves from static, other stations, local electric 
power systems and so on, are usually present and the incoming 
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ohms where À and 4 are in the same units. 


meters, where 4 and / are the sending wave length 


signa! must be of sufficient strength to dominate them satis- 
factorily. With a simple form of receiving antenna, the antenna 
efficiency is important only in determining the amount of ampli- 
fication required in the receiving set since the antenna picks up 
both signal and noise in а ratio which is determined by their 
relative strength as ether waves. At the receiving station it 
would thus seem to be possible to state the minimum field 
strength of signal required for satisfactory operation, in terms 
of absolute strength of the radio noise field. It must be borne 
in mind, however, that the antenna and receiving set are in general 
designed to reduce radio noise without detriment to signal, by 
means of selectivity, directional effects and the like, so that the 
minimum permissible absolute value of signal depends also on 
the nature of the receiving system. 

To bring the engineering aspects of the whole subject more 
clearly into view let us consider the information which would 
need to be available to enable а radio engineer to predict with 
certainty the cost of obtaining а given grade of service from a 
large and important radio project. This needed information 
may be itemized as follows: 

1. А statement of the grade of service desired. 

2. The relation between the cost of various sizes of trans- 
mitting apparatus and their power outputs into the 
antenna. 

3. The relation between cost and radiation efficiency for 
various sizes and types of transmitting antenna. 

4. Statistical data on the ether transmission efficiency from 
transmitting station site to receiving station site. 

5. Statistical data on the absolute volume of radio noise 
at the receiving station site. 

6. The relation between the cost and noise reducing capa- 
bilities of various receiving antenna and apparatus. 

Radio engineering will have become pretty well standardized 
when а project may be estimated with all this information in 
hand. However, the respects in which present knowledge fails 
to meet the list are an indication of the lines along which progress 
is needed. It is interesting to note that in all but the first two 
of these items experimental measurements of radio field strengths 
and of radio noise would be basically useful in getting the 
desired information in quantitative form. 


METHOD FOR MEASUREMENT OF RADIO FIELD STRENGTHS 
Fundamentally the measurement of radio field strength is 
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simplicity itself. All it requires is the measurement of received 
current in an antenna of known constants. The difficulties come 
in knowing the constants and measuring the minute currents 
produced by weak signals. | 

In many cases the ordinary open antenna has been used. 
It has the advantage of collecting relatively large amounts of 
power and making the current- measuring problem easier. We 
have, however, preferred the loop antenna as more stable, port- 
able, and easily and accurately calibrated. 

Where the fields to be measured are strong, as near the trans- 
mitting station, it is possible to measure the current in the 
receiving antenna directly by means of a thermal instrument or а 
vacuum tube voltmeter. In the general case this is not so, and 
a comparison method must be resorted to. A local oscillator 
manufactures a small amount of radio frequency power of the 
same frequency as that of the signal fto be measured. This is 
fed into the receiving antenna in a known and adjustable amount. 
А receiving set also connected to the antenna is used as an 
indicator to tell when the currents produced in the antenna by 
the distant and local sources are equal. Where the trans- 
mitting station 18 co-operating and under control or where it is 
sending a certain type of signals such as time signals, the distant 
and local signals may be introduced separately and alternately 
and their effects on the receiving set compared aurally or by 
means of an indicating instrument if static conditions permit. 
When the transmitting station is not co-operating, the use of а 
loop antenna permits it to be cut out when the local signal is 
introduced, by turning the loop 90°to the directional blind spot. 
If static permits, the antenna may be cut off entirely and the 
comparison made directly against the local source feeding into 
the receiving set. This latter method cannot be followed where 
the comparison is aural and radio noise is present, because the 
ear cannot properly match two tones only one of which is accom- 
panied by noise. 

Some European experimenters have used inductive coupling 
as the means of introducing the local signal into the antenna. 
For our work we have selected a resistance shunt method as 
being simpler and capable of easier calibration. The exact way 
in which this shunt is related to the antenna circuit depends 
upon various factors important among which is the frequency 
being measured. In the description of measuring sets given 
below the matter is discussed more fully. 

It will no doubt be appreciated that one of the most difficult 
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experimental problems in the construction of а field strength 
measuring set is to keep the oscillator which produces the local 
signal power from affecting the antenna directly. The success 
of the method depends on having all the power fed to the antenna 
thru the circuits designed to meter and control it and on having 
no external “pick up." It is found that this requirement can 
be met sufficiently if the oscillator power is kept to the lowest 
workable value, the oscillator is given а reasonable separation 
from the antenna and the whole input circuit is carefully and 
systematically shielded. 


LONG WAVE FIELD STRENGTH MEASUREMENTS 


In a note published recently in the PRocEEDiINGS,! Mr. Eng- 
lund has described the initial form of our field strength measuring 
sets for very long waves. For completeness and as illustrative 
of the method in its simplest form it will be briefly reviewed here. 
The apparatus was designed to measure signals in the neighbor- 
hood of 23,500 cycles per second. From the diagram of Figure 
2, it will be seen that it consists of three main parts, namely. 
the local signal input apparatus, the loop antenna, and the 
receiving set. 


Local 
| Signal 


|| Producer 


i» 


Filter Amplifier | ] Detector Amplifier 


23,000~ 
Supply 
Oscillator 


Ficure 2—Simplified Diagram of EU Wave Field Strength Measuring Set 
о. 1 


There is nothing out of the ordinary in the loop antenna and 
the receiving set except the use of a band filter between them to 
give very high selectivity. The input apparatus consists of an 
oscillator circuit complete with its own “А” and “В” batteries, 
which generates 23,500 cycle current. This current passes thru 
a thermocouple type of milliameter into a 600-ohm adjustable 


1 PROCEEDINGS OF THE INSTITUTE oF RADIO ENGINEERS, volume 11, num- 
ber 1, February, 1923, page 26. 
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artificial line designed for radio frequency use. The output 
end feeds thru a 599-ohm resistance into & one-ohm resistance 
shunt which is included in the loop circuit. The whole input 
system is covered by a copper shield. This will be seen by refer- 
ence to Figure 3 which is à photograph of a set up using this 
same input equipment. The large copper box at the extreme 


FIGURE 3— Long Wave Field Strength Measuring Set Showing Shielding of 
Local Signal Input System 


right on the low bench contains the oscillator with its “А” and 
"B" batteries The next copper box, which is joined to the first 
by a short length of copper pipe, contains the thermocouple 
instrument, artificial line, and 599-ohm resistance From this 
box a copper pipe extends over to a small copper box on the loop 
base. This pipe contains the single wire leading to the one- 
ohm shunt in the copper box. The return circuit is thru the 
copper pipe. 

The operation of the set when measuring signals from a 
co-operating transmitting station sending dashes separated by 
spaces is as follows. "The loop is oriented to receive maximum sig- 
nals. The signals are tuned in properly thru the filter and received 
as a tone by the aid of the heterodyne oscillator in the receiving 
set so that they may be listened to or, if static permits, read on 
a microammeter. The local signal oscillator is then turned on 
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and its frequency adjusted to be exactly the same as that of the 
incoming signals. Then by means of а key the local signal is 
cut on and off during spaces in the incoming signals so that the 
two signals (incoming and local) are heard alternately. "When 
the local signal oscillator is adjusted to the proper frequency the 
two will have the same tone pitch. It only remains then to 
adjust the local signal by means of the artificial line to have the 
same loudness as the incoming signal and to read the setting 
of the artificial line and the value of the current flowing into it. 

Since the artificial line, when properly terminated, is a current 
attenuator, the current flowing into the line multiplied by the 
attenuation factor for which the line is set gives the much re- 
duced current which flows out to the shunt in the loop circuit. 
А small portion of this current goes thru the loop itself, which 
forms a series resonance circuit in parallel with the shunt, so 
that the current thru the shunt is less than that coming from the 
artificial line by an amount equal to the ratio of the shunt and 
loop resistances. This ratio is usually too small to warrant the 
correction. 

The shunt current in amperes multiplied by the shunt re- 
sistance in ohms (one ohm in this case) gives the voltage intro- 
duced into the loop, which is in turn equal to the voltage induced 
in the loop by the incoming signal waves. The voltage V 
induced in the loop by incoming waves, the effective field strength 
of which is Ё micro-volts per meter is 


= E N E X107 5 volts 


where f= frequency in cycles per second, A — loop area in square 
centimeters, and N the number of turns. Substituting for V its 
value V 2r F Rs, where Jr = current into the artificial line in 
amperes, JF the current attenuation ratio setting of the line, and 
R, the resistance of the shunt in ohms, we have 

E = РАМ X10'* micro-volts per meter. 

It should be noted that this calculation requires no accurate 
knowledge of the loop resistance, inductance or capacity, since 
the measurement matches voltages directly and the resulting 
current is of no import. There is, to be sure, some error due to 
the fact that the incoming signal voltage is induced in a dis- 
tributed manner and the local signal voltage is introduced at a 
fixed point in the circuit, but our calculations lead us to believe 
that this error is too small to warrant any correction. 
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Setting up an outfit of this kind is fraught with many ex- 
perimental difficulties which we unfortunately have not space 
to consider here in detail. The shielding must be effectively 
and carefully bonded into & continuous conducting sheath. 
Multiple grounds must be avoided. The final test is to short- 
circuit the shunt with a heavy copper conductor of substantially 
zero resistance and so to set the oscillator output and the attenua- 
tion box that a relatively large current flows thru this conductor. 
If the receiving set is then unable to detect a voltage in the loop 
which is appreciable in comparison with signals of the intensity 
which it it desired to measure, the set is free from spurious effects. 

The second type of long wave measuring set which we have 
used was made up for measuring signals in London in connection 
with the recent transoceanic telephone experiments carried out 
by the American Telephone and Telegraph Company and the 
Radio Corporation of America in co-operation. The wave 
length is somewhat shorter (5,300 meters, 57,000 cycles), but the 
loca] signal input system is practically identical with that of 
the initia] set except for the constants of the oscillator. A 
further difference is that a double detection type of receiving 
set was used. The entire outfit is diagrammed in Figure 4. 
The loop antenna has a very loose capacity coupling to a second- 
ary circuit which feeds into the radio frequency detector. This 
detector also has impressed on its grid а 91,000 cycle voltage 
from the radio frequency beating oscillator. The incoming 
signal frequency is 57,000 cycles, so these two beating together 
produce 34,000 cycles in the detector output. This is selected 
by the filter circuit which permits the passage of a 2,000 cycle 
band from 33,500 to 35,500 cycles and greatlv attenuates all 
other frequencies. "The signal is then amplified to the desired 
degree and impressed on the audio frequency detector together 
with a 35,500 cycle voltage from the carrier supply oscillator. 
In case the incoming signal is the 57,000 pure continuous wave 
which is used for measurement transmission, it comes out 
as a 1,500 cycle tone in the telephone receivers. The operation 
of the outfit, except for the tuning of the receiving set, is exactly 
the same as with the simpler set. Rocky Point transmits dashes 
and in between these the local signal is turned on for matching 
of tone pitch and intensity. 

In Figure 5 is shown the set up of the apparatus in London 
where it has been in use for the past few months measuring the 
special test signals from Rocky Point. At the left of the picture 
is the local signal input apparatus with the copper shielding 
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FIGURE 5—Long Wave Field Strength Measuring Installation in London 


pipe leading froin it to the loop. The three boxes on the bench 
contain the receiver portion of the measuring set. An illustra- 
tive example of the data being taken is given in Figure 6. This 
shows the hourly field strength readings made during a 52-hour 
run on February 11, 12, and 13, 1923. A considerable amount 
of such data is being obtained, but until the tests are completed 
any general discussion of the results would be premature. The 
method of interpreting the field strength curves in combination 
with noise measurements is taken up in later paragraphs. 


SHORT WAVE FIELD STRENGTH MEASUREMENTS 


In measuring short wave signals, as from radio broadcasting 
stations, it was anticipated that the direct method of comparing 
the voltage induced in the loop antenna by the incoming carrier 
wave with that introduced by a local oscillator at the same 
frequency would be difficult. The higher frequency makes the 
“pick up" from the local signal oscillator harder to reduce to 
satisfactory values. In getting around this trouble we employ 
a modified method devised by Mr. Friis which is believed to be 
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entirely new. A detail circuit diagram of a measuring set of 
this type is shown as Figure 7. 

The loop antenna is provided with a tuning condenser across 
its terminals in the usual way, but its central point is grounded 
and connection to the receiving set is from ground to one side 
of the loop. This is great measure preserves the directional 
balance of the loop and minimizes the damping due to the 
receiving set. The receiving set itself is of the double detection 
type and has intermediate frequency amplifying and selecting 
circuits designed for 45,000 cycles. As will be seen by reference 
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Етссв® 6—Field Strength Measurement. Transatlantic Signals from Rock 
Point, Long Island, United States of America. Measured in London, England, 
(Distance 5 5,000 km.) (3,200 miles), February 11, 12, 13, 1923 


to Figure 8, if the incoming signal has a frequency of 750,000 
cycles, the loop is tuned to 750,000 cycles, but the radio frequency 
beating oscillator is set to produce a frequency of either 705,000 
or 795,000 cycles, so that, beating with the 750,000 cycle signal 
in the radio frequency detector, it will produce the 45,000 cycles, 
necessary for further amplification and selection. The local 
signal oscillator is not set at 750,000 cycles, but at a frequency 
which is just 45,000 cycles the other side of the beating oscillator 
so that it also will produce 45,000 cycles at the output of the 
radio frequency detector. This means that if the beating 
oscillator is below the loop tune, at 705,000 cycles, the local 
signaloscillator will be 45,000 cycles still lower, or at 660,000cycles. 
Or if the upper position has been selected, the two will be at 
795,000 cycles and 840,C00 cycles respectively. In either case, 
insofar as the intermediate frequency and audio frequency out- 
put circuits are concerned, the incoming and local signals are 
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delivered to them at exactly the same frequency. At the same 
time, the original frequency of the local signal is well off the 
loop tune, and induction in to the loop is so reduced that only a 
moderate amount of shielding is required. 


1,000,000 


Local Signal Oscillator 
Beating Oscillator | 
uni Either Position А or 
Incoming Signal (Loop tune frequency) [Position B may be used 
Beating Oscillator f 
Position B 
Local Signal Oscillator 


} Position A 


750,000 


500,000 


Beating in high frequency 
detector reduces both n- 

coming and зау ts 
seme frequency -45000 cycles. 


250,000 


—p— Intermediate frequency 
45,000 


0 
FIGURE S— Frequency Diagram—Short Wave Field Strength Measuring Net 


The resistance shunt thru which the local signal is introduced 
is placed in the ground lead of the loop. Thus the shunt is 
not in the loop circuit proper, but, viewed from the input ter- 
minals of the receiving set, is in series with the parallel resonance 
circuit formed by the loop and its tuning condenser. Since the 
local signal voltage impressed on the receiving set comes directly 
from the shunt and is not increased by resonance, the current 
thru the shunt is larger than in the case of the direct method used 
in the long wave sets, and no attenuation net work is needed. In 
effect the voltage across the shunt is compared by the receiving 
set with the voltage set up by the incoming signal across one 
half of the loop. The two voltage sources are in series in a very 
high impedance circuit. The low impedance shunt has, therefore, 
no appreciable effect on the interaction of the loop and the receiv- 
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ing set. On the other hand, the loop, acting as a trap circuit, 
has sufficient impedance, even at the off-tune frequency of the 
local signal, to require that a simple experimental correction 
be made for it. The correction factor is determined as a part 
of the calibration of the set by taking the ratio of the voltage 
impressed on the receiving set from the shunt with the loop cut 
out of the circuit, to that impressed when the loop is in the cir- 
cuit. Figure 9 gives curves of the correction factor « for a 
representative set for different frequencies of operation and for 
the two possible frequency relations between the incoming and 
local signals. The voltage applied to the receiving set by the 
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local signal input system is then: V (in millivolts) = 7, a R«, 
where Iz is the current in the shunt in milliamperes measured 
directly by a series thermocouple as indicated in the circuit 
diagrams, u is the correction factor, and R, is the resistance 
of the shunt in ohms. 

The potential applied to the receiving set as a result of the 
action of incoming waves of field intensity E micro-volts per 
meter is one-half that across the loop terminals or, 


- д? 2 da N 4 ju * . 
V=- _ PLANE XK - — millivolts. 
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Transposing: E= VK micro-volts per meter 


_ 0.152 ۴ gia 
RE AN 


In the above. 

f = frequency in cycles per second. 

L= Inductance of loop in henrys. 

А = Area of loop in square centimeters. 

N 2 Number of turns in whole loop. 

R = Total radio frequency loss resistance of loop circuit in 

| ohms. 

V is measured by comparison with the voltage across the 
shunt. E is derived from it thru the agency of the factor K, 
which is a calibration constant of the set. The short wave 
measuring set thus differs from the long wave set in that the 
inductance and resistance of the loop must be accurately known 
as well as its turns-area. 

The distributed capacity of the loop and its connecting 
leads are determined by the well-known method of finding the 
values of the calibrated tuning condenser required to give re- 
sonance at various wave lengths, plotting these capacities against 
the corresponding wave length squared, and extrapolating the 
straight line thus obtained to its intercept on the capacity axis. 
Figure 10 shows the data thus plotted for a representative loop 
in which the distributed capacity was found to be 25 micro- 
micro-farads. Adding this to the capacity of the tuning con- 
denser at resonance for some particular frequency, the inductance 
of the loop may be calculated by the usual method. In the 
loop mentioned the inductance is 156 micro-henrys. 

After trying out several methods it was found that the re- 
sistance of the loop cireuit could be best determined from the 
resonance curve by the capacity variation method. Each 
measuring set has permanently installed in parallel with the 
main tuning condenser a calibrated single plate variable con- 
denser for the carrying out of this method. The radio frequency 
detector tube is one in which the change in plate current is 
proportional to the square of the radio frequency voltage im- 
pressed on its grid. In other words, it may be used as а vacuum 
tube voltmeter. The beating oscillator, with reduced coupling 
to the loop, serves as a source of constant radio frequency power. 
Thus the resonance curve of the system may be run at any de- 
sired frequency by means of the single plate tuning condenser 
and a micro-ammeter plugged into the plate circuit of the radio 
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frequency detector tube. The conditions of calibration are 
thus those of operation and the resistance derived from the 
resonance curve by the usual methods includes all losses in the 
radio frequency circuit. The accuracy of the set is dependent 
on the accuracy with which R is determined, and R sometimes 
varies appreciably with climatic conditions. The method of 
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FIGURE 10—Short Wave Field Уан Measuring Set—Determination of 
Distributed Capacity of Loop 


calibration is fortunate, therefore, in that no extra apparatus is 
needed, and it may be carried out in a few minutes wherever the 
set is in use. For the particular loop mentioned above, the 
variation of R with frequency is given in Figure 11. This loop 
has six turns and is a square 154 centimeters (59.7 inches) on a 
side. From these data, the factor K may be evaluated. It is 
given for the frequency range covered by the set in Figure 12. 

In using this type of set, our practice is to dispense with ear 
comparisons and employ a micro-ammeter in the plate circuit of 
the audio frequency detector as the indicating means. The 
audio frequency detector then acts as a vacuum tube voltmeter 
to measure the amplitude of the carrier of the incoming radio 
telephone signals. Unless the transmitting station is badly 
over-modulating, the micro-ammeter is unaffected by the speech 
or music being sent. It is the carrier field strength which is 
measured, without reference to the degree or nature of the 
modulation. 

The operation of the sct is as follows: The desired signal is 
picked up by the loop and receiving set and brought to a volume 
which gives a satisfactory reading on the indicating instrument. 
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By means of the fine adjustment condensers, and by watching the 
indicating instrument, the loop is tuned to exact resonance and 
the beating oscillator is set to place the intermediate frequency 
in exact resonance with the 45,000 cycle selective circuit of the 
amplifier. ` The loop is also oriented to give maximum response. 
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Figure 11—Short Wave Field Strength Measuring Set—Variation of Loop 
Circuit Resistance with Frequency 


The instrument reading is then recorded. Since the vacuum 
tube voltmeter indicates by virtue of the change in its plate 
current produced by the input voltage, a reading must also be 
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taken with the incoming signal cutoff. This is accomplished by 
shutting off the beating oscillator for a moment and recording 
the instrument reading, which is lower than with the signal on. 
The local signal oscillator is then started, set approximately 
to its proper frequency and the shunt adjusted to give a suitable 
value of input. А beat note is now heard between the 45,000 
cycles due to the incoming signal and that due to the local signal. 
When this beat note is reduced to zero by means of the local 
signal oscillator frequency control, the local signal has been set 
exactly to its proper frequency position. If the transmitting 
station is co-operating it is then shut down, or if not co-operating, 
the loop is turned 90? to balance its signals out. Following this, 
the input shunt is adjusted to give a difference reading on the 
indicating instrument, due to the local signal, exactly the same 
as that which was given by the incoming signal. The measure- 
ment is now completed except for recording the various settings. 
The whole process takes 3 to 5 minutes, depending on the skill 
of the operator, and strength of signal, amount of interference, 
and so on. | 

A sample data sheet for use with this type of set 1s illustrated 
in Figure 13. Items 1 to 8 give general information relating 
to the test. Items 9, 11, and 16 are the condenser settings of 
the loop and oscillators. From Item 9 and a calibration curve, 
the frequency of the incoming signal (Item 10) is recorded in 
kilocyeles. From Items 9, 11, and 16 one knows whether the 
signal is above or below the oscillators in frequency (Item 12) 
and the proper branch of the calibration curve is selected for 
the reading of the correction factor u. Items 13—14 and 17—18 
are the "signal on" and “signal off" readings of the indicating 
micro-ammeter for the incoming and locally produced signals 
respectively. Their two differences (Items 15 and 19) should be 
equal. 

Item 20 is the resistance of the loeal signal input shunt, Item 
21 the series thermo-ammeter reading in scale divisions, and 
Item 22 the same in milliamperes. IX R (Item 20 times Item 22) 
gives the potential in millivolts impressed on the receiving set 
which, when multiplied by « the correction factor, is equal to 
the voltage impressed by the loop. "The loop voltage times the 
factor K equals the field strength of the incoming signal in 
miero-volts per meter. Since « and K are thus ultimately 
multiplied together, it is a convenience to do this once for all 
and a combined factor В = «4 К, is usually plotted up for use in 
reducing data. Such a curve is shown in Fig. 14. В is entered 
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as Item 23. 


Item 24 XIRXB is the field strength in micro- 


volts per meter. Items 25 to 31 are for use with a slightly 


modified type of set. 


at the bottom of the sheet. 


Item 32 is provided for collecting results 
Item 53, the transmitting antenna, 


current is recorded when known. 
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FicvRE 13—Data Sheet used for Recording and Reducing Data 

Each measurement requires one column on the data sheet. 
The sample column shown is data taken on December 11, 1922 
at a point near Paterson, New Jersey, while measuring trans- 
mission from Station 2XY. The auto truck measuring set 
described in subsequent paragraphs was used. 

The photograph Figure 15 illustrates the original laboratory 
set up of the first short wave measuring set. It was with this 
apparatus that the first measurements of the field strength 
received from the S. S. America were made in February and 
March, 1922. Опе of the best sets of data obtained is repro- 
duced in Figure 16 as illustrative of the utility of such measure- 
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SHCRT WAVE FIELD STRENTTH MEASURING SET 


Varieties of Constent Y viti Frequency 
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ments in studying the law of short wave transmission over water 
and of giving a quantitative insight into the phenomena of night 
and day transmission, fading and the like. 

Following the success of this original measuring, set, models 
were made up for more general field use. These were more 
compact, rugged, and transportable in physical form, but elec- 
trically were so similar to the original set that the circuit diagram 
of Figure 7 represents their circuits almost exactly. Опе of 
them is shown set up in a small shack in Figure 17. The two 
boxes mounted on the loop contain the beating oscillator and 
the loop tuning condensers. On the bench the large box in 
the foreground contains "B" batteries and filament controls. 
The long box in the rear is the receiving set. The two boxes 
at the front edge are the local signal oscillator and input shunt 
with its thermocouple milliammeter. Between them is the 
output indicating instrument. A twelve-volt storage battery 
completes the outfit. Cords and plugs are provided for all 
connections between boxes. The loop folds up into a special 
packing case for shipment. The boxes may be shipped in a 
padded trunk. The battery rack under the bench is used with 
the permanent set up illustrated, the “B” batteries in the set 
being too small for long continued service. It will be noted 
from Figure 17 that all wiring and metal net works (except for 
a short piece of insulated stove pipe) have been eliminated from 


the neighborhood of the set. 
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One of these sets with а different form of loop antenna has 
been installed in a small motor truck for mobile field use. It is 
illustrated in Figure 18. An interior view looking from the rear 


FIGURE 15—Original Short Wave Field Strength Measuring Set 


is given in Figure 19. The truck set has for the past few months 
been engaged in an investigation of transmitting conditions for 
radio broadcasting in and around New York City. One of the 
interestimg things shown by the investigation is that the trans- 
mitting efficiency of a broadcasting antenna erected on the roof 
of a steel building may be very much affected by the height of 
that building. For instance, with station 2X Y, located on the 
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top of the 24-story telephone building at 24 Walker Street, 
New York, it was found that the field strength received at a 
fixed measuring point varied with the wave length in the manner 
indicated in Figure 20. The general nature of this characteristic 
could have been determined qualitatively by means of ordinary 
listening tests, but a satisfactory study of the phenomena was 
possible only with the aid of absolute and quantitative measure- 
ments of radiated field. This study has been very useful in 
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enabling us to predict with a fair degree of certainty the results 
to be expected from any partieular building, as was the case 
with the proposal to locate a city broadcasting station on the 
Municipal Building. Later the tests were extended to mapping 
the transmission distribution of stations in lower Manhattan. 
Three stations were mapped: 2XB (WEAF), 2XY (WBAY), 
and 2XW (Municipal Building experimental antenna). The 
results of the series of tests are plotted in Figure 21. It will be 
seen that at 400 meters these stations are handicapped in trans- 
mitting northward thru the maze of steel structures of the island. 
Also it is apparent that the two high buildings are less favorable 
sites than the 14-storv building at 2XB. 
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The results so far obtained demonstrate that field strength 
measuring sets are valuable experimental tools. For this reason 
it has seemed worth while to us to develop the short wave set 
into à form as compact and portable as possible. Figure 22 
shows such а set. This outfit is self contained within the parts 
shown in the picture. It is intended to be enclosed entirelv 
in two bags or suit cases of the kind used by salesmen for carry- 
ing samples. "Thus it can be easily transported in an automobile 
or even carried by hand for reasonable distances. The loop 


FIGURE 17—Short Wave Field Strength Measuring Set as Installed in the 
Measurement Shack at Cliffwood, New Jersey 
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collapses compactly. The upper box contains the receiving 
set complete including “А” and "B" batteries, which are dry 
cells. The lower box contains the local signal input apparatus 
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FicvnE 18—Truck Installation of Short Wave Field Strength Measuring Set 


together with all its batteries. The alternating current volt- 
meter shown alongside enables the vacuum tube voltmeter in 
the set to be calibrated anywhere that an alternating current 
lighting circuit is available. "This is not essential since several 
spare calibrated tubes may be carried inside the set. Back 
panel views of the receiving set and local signal producer are 
shown respectively in Figures 23 and 24. A circuit diagram is 
given in Figure 25. In order to simplify the diagram, several 
jacks, amplification control, and battery switches have been 
omitted from it. Western Electric type N tubes (popularly 
known as “peanut tubes") are used thruout, which accounts 
for the compactness of the batteries. The arrangement. differs 
from the earlier sets essentially only in the local signal input 
unit. The oscillator feeds into the shunt thru an amplifier to 
give stability. The current in the shunt is measured by means 
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of à vacuum tube voltmeter rather than a thermo-ammeter. 
There is also a minor difference in that the beating oscillator 
feeds into a small pick-up coil rather than into the loop directly. 
This outfit has not as yet been given a sufficiently thoro tryout to 
enable us to say with assurance that it is suecessful. It is with- 


чесне 19 Interior View of Truck Installation 


out doubt, however, capable of success, and we mav look forward 
confidently to the time when the field strength measuring set 
will be almost as convenient. and usable as the wavemeter іх 
todavxy. 

Very little has been sid above about the range and sensitive- 
Hess of our «hort Wave Measuring SOLS: It has hot been found 
desirable to cover a wave length range much wider than two to 
one in a partieular set. The short wave sets have been designed 
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for a nominal range of 300 to 600 meters (1,000,000 to 500,000 
cycles). Some of them have been used as high as 1,000 meters 
by adding loading condensers. This makes the calibration less 
determinate, and it is preferable to provide new loops and 
oscillator coils where radical shifts in range are desired. The 
later sets have been made with interchangeable socket mounted 
coils for this reason. 
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taken on 2NY (24 Walker St., New York City) a t Cliffwood, New Jerse су, 

NoTE: Field Strengths ( ‘orrected to 5 imps. Antenna Current at all Wave 
Lengths. Normal Antenna Current at 400 Meters is 10 amps. 


By using the radio frequeney detector directly as a vacuum 
tube voltmeter and dispensing with the rest of the receiving 
set, field strengths as high as 100,000 micro-volts per meter or 
more may be measured. The range is continuous from such 
values down to a minimum of about 10 micro-volts per meter, at 
which point the accuracy becomes questionable. Even. lower 
field strengths may be measured approximately, however. Two 
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or three hundred micro-volts per meter is about as low a radio 
telephone signal strength as can be received on the average high 
class radio receiver with any satisfaction under present day 
conditions of interference, so that the sensitiveness of the mea- 
suring sets seems adequate for any ordinary purpose. As was 
mentioned in a previous paragraph, only the carrier component 
of the transmission is measured, and ordinary modulation has 
no effect on the indicating instrument. Also static, which gives 
serious interference to reception of the speech or music, leaves the 
instrument. practically unaffected. Even during summer, static 
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Figure 22—Portable Short Wave Field Strength Measuring Set 


measurements can be made down to about 100 micro-volts per 
meter when a thousand micro-volts per meter or more would be 
required for satisfactory reception. The principal reason for 
this is that the direct eurrent indicating instrument does not 
respond to alternating speech or noise currents in the output of 
the audio frequeney detector. Interference from other radio 
telephone stations transmitting carriers of their own is obviously 
a different matter and may be very troublesome. 

For eomparing various incoming signals at or near the same 
frequency, the precision of the sets might almost be said to be 
limited only by the skill of the operator and the stability of the 
signals. When the results are expressed in absolute terms 
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of à vacuum tube voltmeter rather than a thermo-ammeter. 
There is also a minor difference in that the beating oscillator 
feeds into à small pick-up coil rather than into the loop directly. 
This outfit has not as yet been given a sufficiently thoro tryout to 
enable us to say with assurance that it is successful. It is with- 


FIGURE 19—Interior View of Truck Installation 


out doubt, however, capable of success, and we may look forward 
confidently to the time when the field strength measuring set 
will be almost as convenient and usable as the wavemeter is 
today. 

Very little has been said above about the range and sensitive- 
ness of our short wave measuring sets. It has not been found 
desirable to cover a wave length range much wider than two to 
one in a particular set. The short wave sets have been designed 
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for a nominal range of 300 to 600 meters (1,000,000 to 500,000 
eycles). Some of them have been used as high as 1,0€0 meters 
by adding loading condensers. This makes the calibration less 
determinate, and it is preferable to provide new loops and 
oscillator coils where radical shifts in range are desired. The 
later sets have been made with interchangeable socket mounted 
coils for this reason. 
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By using the radio frequency detector directly as а vacuum 
tube voltmeter and dispensing with the rest of the receiving 
set, field strengths as high as 100,000 micro-volts per meter or 
more may be measured. The range is continuous from such 
values down to a minimum of about 10 micro-volts per meter, at 
which point the accuracy becomes questionable. Even lower 
field strengths may be measured approximately, however. Two 
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мале volts per meter) we do not believe that they are to be 
(usted closer than + 5 percent under the best operating con- 
dions. Better calibration of sets may be expected to improve 
this, but it is quite sufficient. for ordinary purposes. Where 
the signals are unstable in frequency or amplitude, interference 
is bad, or the operator unskilled, the results will be correspondingly 


95 reliable. 


Fiore 23. Interior View of Receiving Set Portion of Portable Short Wave 
Field Strength Measuring Set 


MEASUREMENT OF RADIO NOISE 

The problem of measuring radio noise is a considerably more 
puzzling matter than that of measuring the field strength of 
signals. First of all; the amount of noise received is dependent 
upon the directional and selectivity characteristics of the re- 
ceiving system. In the present paper we will not enter into a 
consideration of these two factors, but will treat only the mea- 
surement of noise as received on apparatus we have used in 
experimental work. It. should be noted. however, that the 
method of measuring noise. described below may be used for 
comparing and evaluating the noise-reducing merits of receiving 
-Vslenms having various (directional and selectivity attributes. 

We have naturally approached noise from the telephone 
standpoint, since our primary interest is in radio telephony. 
Radio noise results in audio noise which comes to the ear of the 
listener and interferes with the understanding of sppech on the 
eireuit. Within upper and lower limits set by the capabilities 
of the ear, the absolute volumes of speech and noise аге not 
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important as long аз their relative volumes, that is, the ratio 
between their volumes, remains constant. This is a matter of 
common experience—changing the amplification of a receiving 
set to raise or lower the volume of received speech does not 
materially affect the interfering effect of static, because it is 
also raised or lowered in the same amount. It follows, therefore. 
that a good way of measuring noise should be to express it in 
terms of a volume of speech upon which it produces a certain 


Fictre 24— Interior View of Local Signal Producer Portion of Portable Short 
Wave Field Strength Measuring Set 


standard interfering effect. Now, speech is a. difficult thing to 
standardize, so that it is preferable to use some constant artificial 
source of sound which approximates speech in its effect on the 
ear and its reaction to the interfering effects of noise. For 
practical purposes it is found that an audio frequeney tone, 
which flutters or varies back and forth uniformly in pitch between 
600 and 1,400 cycles at a rate of about ten times per second, is a 
satisfactory form of artificial speech for the purpose. For the 
standard degree of interference produced on the artificial speech 
by noise, there are obvious reasons for selecting some sort of 
"end point." Such a suitable point is the one at which the 
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presence of the artificial speech is just discernable thru the noise. 
The method, then, involves the introduction into the noisy 
circuit being measured of a controllable measured volume of the 
artificial speech and the setting of this volume to the point at 
which the ear is just able to recognize its presence. "This point 
can be located by different observers who have but little skill 
in the use of the method, with a variation among observers of 
less than about 50 percent. To the ear 50 percent is a small 
change. The radio noise itself goes thru variations within а 
season and occasionally within à few days which are several 
hundred times as large, so that the precision of measurement is 
quite sufficient for the purpose. 

If measurements of this kind are to be comparable and of 
permanent value, the volume of the artificial speech must be 
ex pressed in suitable absolute terms. Since it is radio noise 
with which we are concerned, the artificial speech should be 
expressed in the fundamental unit of radio transmission, which is 
electric field strength and of which the accepted practical base 
is one micro-volt per meter. 

If the artificial speech is introduced into the antenna of а 
field strength measuring set as a radio signal in the same way 
that the local signal is introduced for field strength measurement 
purposes, the receiving set becomes merely an electrical extension 
of the ear and the evaluation of incoming noise in terms of the 
amount of local artificial radio telephone speech which it all but 
extinguishes, is made directly at the radio frequency. The con- 
ditions are those which would obtain if the artificial speech 
signal were in fact received from a distant station the power of 
which is under control by the measuring operator and the field 
strength of which at the measuring station 1s known for various 
power settings. То apply this method to a short wave measur- 
ing set, the local signal-producing oscillator must be modulated 
a fixed standard amount (say 1C0 percent) by the artificial 
speech flutter tone. We have not as yet been concerned with 
noise measurements at short waves, but have carried out our 
work in the long wave lengths. 

Since in our long wave telephone work we are chiefly inter- 
ested in the type of transmission which suppresses the carrier 
and one side band in the early stages of the transmitting amplifier 
and transmits but a single side band, our noise measurements 
have been carried out in such а way as to make the results most 
directly applicable to this kind of system. 

The artificial speech is introduced into the calibrated re- 
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ceiving antenna in the form of a single radio frequency side band, 
and thus simulates incoming speech signals. Take, for instance, 
the case of artificial speech modulated onto a 56,00€ cycle carrier. 
The upper side band when isolated by itself is a single continuous 
wave which varies in frequency from 56,600 to 57,400 cycles at 
a rate of about ten times per second. In practice this is a simple 
thing to produce. It merely requires а 57,000 cycle signal 
producing oscillator having а small motor-driven rotating con- 
denser in parallel with its main tuning condenser, so as to cause 
the oscillator frequency to vary about 400 cycles each way from a 
mean of 57,000 cycles during each revolution of the rotating con- 
denser, the rate of rotation being about ten times per second. 
À field strength measuring set may thus be readily adapted to 
measuring noise. 

During the development and study of this method of mea- 
suring noise, data were taken at Cliffwood, New Jersey, nearly 
every hour during working days over а period of several months. 
Ап ordinary open antenna was used, the constants of which 
have been measured only approximately, so that the data are 
only approximately correct when referred to their absolute scale. 
For this reason we have not considered it desirable to give any 
of them in this paper. 

The most interesting samples of data we have in the way of 
noise measurements are those being made in London contem- 
poraneously with the measurement of field strengths received 
from Rocky Point. 

In Figure 26 are plotted the noise measurements at London 
for the same 52-hour test period as the field strength values 
given in Figure 6. For making the noise measurements the 
field strength measuring set was modified along the lines dis- 
cussed above and as indicated in Figure 4. The abscissas of 
the curves are hours of the day and the ordinates are the mini- 
mum values of single side band artificial speech in micro-volts 
per meter which could be heard thru the noise. 

Since the noise measurement gives the minimum field strength 
audible thru the noise, satisfactory speech transmission of course 
requires a field strength many times larger. The factor of 
increase needed depends upon the quality of speech received, 
that is, upon the ease with which the speech could be followed 
if no noise at all were present. The nature of this factor of 
increase is brought out by the plot or diagram in Figure 27. 
The abscissas are ratios of received field strength and measured 
noise for the Rocky Point-London tests of February 11, 12, and 
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13, 1923, the field strength and noise values of which have been 
given in Figures 6 and 26. The ordinates are the corresponding 
percentage of words estimated as satisfactorily received in 
London during the part of each hourly test period in which 
speech was transmitted. The speech consisted simply of 
geographical names such as cities, states, rivers, and the like 
spoken slowly and distinctly, but quite disconnected and without 
context. 
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FIGURE 26— Noise Measurements taken in London, England, February 11, 
12, 13, 1923. Frequency 57,000 Cycles 


It will be seen that a field strength-noise ratio of about 30 
marks a fairly definite division line. Above this value, good 
reception of the speech predominates, while below it the reception 
rapidly declines. The data shown are too meagre to warrant 
the drawing of a curve, but the general form which the curve 
would take may be visualized from the scatter of points shown. 
A considerable portion of the scattering in this set of data, which 
was selected at random, is due to the fact that the field strength 
and noise measurements were not simultaneous, but separated 
by ten or fifteen minutes. They are shown as simultaneous 
in Figures 6 and 26 because they are there referred to the be- 
ginning time of the hourly test periods, each of which had a 
duration of about 25 minutes. 

It should not be inferred that the value 30 for the factor of 
increase has any general significance. It represents, for the 
speech quality being transmitted from Rocky Point during the 
tests, what might be termed the lower limit of speech reception. 
For such a grade of transmission as is given on good wire lines 
the ratio is several times this value. The principle illustrated 
is, however, of fundamental importance—noise measurements 
taken by this method, when multiplied by a suitable factor, give 
directly the field strength which is required to produce a grade 
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of reception corresponding to the factor chosen. "There is every 
reason to believe that the principle applies as well to telegraph 
reception as to telephone, provided a properly evaluated factor 
of increase is chosen. The two cases are parallel, since the pro- 
cess of receiving single side band speech transmission is the same 
as that of receiving continuous wave telegraph signals by the 
heterodyne method. 
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Picture 27—Relation Between Speech Reception and Signal to Noise Ratio. 
Transatlantic Radio Telephone Tests, February 11, 12, 13, 1923 


In taking and interpreting the noise data several things have 
to be respected. To begin with, the receiving set itself must be 
free of appreciable noise. This can be tested by replacing the 
antenna with an equivalent impedance such as a dummy antenna 
having no noise pick-up. The room noises must be small enough 
so as not to be appreciable to the operator in comparison with 
the radio noise in the head receivers. The radio noise in the 
receivers should be adjusted by means of the receiving set ampli- 
fication, to a comfortable volume which is kept about the same 
from test to test irrespective of whether the radio noise, in 
absolute terms. goes thru wide variations. This allows the car 
to work under substantially constant conditions. At this point 
it might be well to distinguish clearly between the practice and 
philosophy of this method of measuring noise and that of the 
method of measuring “signal audibility" by the shunted. tele- 
phone receiver, which has now outlived its usefulness. In the 
latter method no noise measurement is involved. The signal 
and radio noise are reduced together to the point where they 
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are lost in the room noise or, if the room be quiet, to the limit of 
sensitiveness of the operator's ears. In the former method, 
noise only is measured (tho in terms of signal). The noise is 
kept substantially constant at a comfortable volume thruout 
the measurement, so that the ear is under а normal condition. 
The artificial speech is independently reduced until the noise 
all but blots it out. Room noise and the absolute sensitiveness 
of the operators’ ears are not direct factors. The physiological 
and psychological aspects of the two schemes are indeed as 
different as are their purposes. 

For the benefit of those who may wish to try this method of 
measuring radio noise we would, in the interest of uniformity in 
interpretation of results, suggest the following specifications for 
the artificial speech used. As listened to in the telephone re- 
ceiver, the tone should traverse back and forth from 600 cycles 
to 1.400 cycles at a rate of ten complete round trips per second. 
At the radio frequency input the amplitude should be sub- 
stantially constant over the band of frequencies traversed. 
The frequeney variation should not be a sine function of time 
but more nearly linear, the resulting audio frequency increasing 
uniformly from 600 cycles to 1,400 cycles, abruptly reversing and 
going uniformly back to 600 cycles where it abruptly starts up 
again. This, combined with the constant amplitude, spreads the 
energy evenly over the frequency range covered. A small semi- 
circular-plate rotating condenser, in parallel with the tuning 
condenser of the local signal-producing oscillator, can be ad- 
justed to meet these requirements properly. | 

Taking readings when the radio noise is the steady drum-fire 
type of static is relatively easy. When it is a steady back- 
ground with occasional heavy crashes, the crashes must, perforce, 
be neglected and the background measured. When the crashes 
are loud and frequent enough to be of real importance, they have 
the effect of partially deadening the ear so that they produce 
somewhat the same effect on the hearing of the artificial speech 
in between times as they would have on the understanding of 
speech. Making the setting is more difficult, however, and the 
method is no doubt least accurate in measuring this {уре of 
noise. 


SUMMARY: The paper divides naturally into three sections. The first 
section briefly analyses the radio transmission circuit into (a) the sending or 
radiating portion, (b) the transmitting portion consisting of the ether path 
thru which the radiated waves travel, and (c) the receiving portion. The 
relation of these from the standpoint of the radio transmission engineer is 
discussed, pointing out the nesd of quantitative data as to electric field 
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strengths of waves and of radio noise conditions to allow of rational design of 
radio systems. The second section is devoted to descriptions of apparatus 
which has been developed for measuring electric field strengths of radio waves, 
its theory and method of use. Illustrative data are given showing useful 
practical results already obtained at both short and long wave lengths. The 
third section deals with the measurement of radio noise. A useful method 
is described and is illustrated by examples of data from recent transatlantic 
telephone tests. 
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DISCUSSION ON 


“NOTE ON THE MEASUREMENT OF RADIO SIGNALS"* 


By 
C. R. ENGLUND 


L. W. Austin (by letterf): The observations taken by Mr. 
Englund on Nauen have given an opportunity for comparing his 
radio frequency comparison method of measuring signals with the 
method used at the United States Naval Radio Research Labora- 
tory, in which a telephone comparator is employed. In this 
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comparator, the telephones are thrown from the receiving circuit 
into a circuit supplied with known audio frequency current sup- 
plied by a General Radio tuning fork generator and potentiometer 
which is adjusted to give the same loudness of sound in the tele- 
phones as the signal. 

The Table and curves give the observations taken on the cor- 
responding days by the two methods. The average of Mr. 


* PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS, February, 1923, 


volume 2, number 1, page 26. 
t Received by the Editor, February 10, 1925 
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Englund's observations is about twenty-four percent. higher 
than the Washington observations. About half of this difference 
is to be explained by the difference in distance of the transmitting 
station from the two receiving points, which brings the agreement 
within the probable accuracy of the methods. 

The two curves are remarkably alike in form except for the 
observations on February 20, and those on April 4 and 8. On 
the last two dates the Cliffwood observations were taken about 
two hours later than those in Washington. 


SOME IMPROVEMENTS IN THE POULSEN ARC*f 


Part II 


By 
Р. О. PEDERSEN 


(PROFESSOR IN THE RoYAL TECHNICAL COLLEGE, COPENHAGEN, DENMARK) 


THE EFFICIENCY OF THE ARC 


The efficiency of the arc depends upon the shape of the arc 
voltage curve. For the sake of simplicity, we shall only consider 
those cases where the choke coils are of such a value that the 
supply current, Io may be considered constant. The total 
energy supplied to tbe arc and the oscillating circuit during each 
period is then determined by 


7 
w= f I, e d t, (1) 
t 


where e; is the arc-voltage and т the period. 

We will further confine our consideration to the ease in which 
the arc-voltage is equal to E» for any value of the are current 
greater than I°, where I° is very small compared with Jo (see 
Figure 1 A and B). Most of the supply current will—under these 
cireumstances— whether the are voltage has one or two peaks-— 
pass thru the are while the are voltage has the value E»; the 
energv consumed in the arc is, therefore, approximately given by 


W. =], P, T (2) 


' The amount of energy, P, delivered to the oscillating circuit 
in each period is consequently determined by 


f+? 
P2W.—W.- f I „(е —Ey)d t= L, U, (3) 
t 


*Received bx the Editor, November 28. 1922. 

f(a) “Оп the Poulsen Arc and Its Theory," PROCEEDINGS OF THE INsTI- 
TUTE OF RADIO ENGINEERS, volume 5, pages 255-316, 1917. 

(b) “Supplementary Note," volume 7, pages 293-297, 1919. 

(c) "Some Improvements in the Poulsen Are, Part I," volume 9, pages 
434-441, 1921. 

These papers are referred to above as (a), (b), and (e). For list of symbols 
see reference (a). pages 315, 316. (In the list of symbols and in the first part 
of paper (a), E, is by mistake called £,.) 


155 


> 


6. -xt 


Ime <cos(wt+p) 


Ie “‘cos(wt+ g.) 


s 


{+ (fge+cy’h-chc’) 


N U-area fgh 


NaN 
m 


t 


Figure 1—Arc Current т, and Arc Voltages e,. А for 
double-peak operation. B for single-peak operation 


where U is the area of the voltage peaks shown in Figure 1 
А or B. 
The efficiency, 7, is therefore, determined by 
m fee E 
Wo Ет +0 Est (4) 


The efficiency will, for large arcs, often be about 50 per cent. 
L. F. Fuller! states that 50 per cent. is a theoretical limit for the 
efficiency, which limit normally is reached, but which cannot be 
passed. This is a mistake. There is no such theoretical limit. 
It will not violate any physical principle to have arc generators 
with 90 per cent efficiency, for instance. As shown above in 
equation (4) the efficiency for a given period depends solely on 
` 3L, F. Fuller, PROCEEDINGS or THE INSTITUTE OF RADIO ENGINEERS, 
volume 7, page 461, 1919. 
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the ratio of the voltage E» of the arc when burning to the peak 
area U, and there is absolutely no theoretical lower limit to this 
ratio. 

As the idea about the 50 per cent limit is rather generally 
entertained it may be worth while to calculate the efficiency in 
some simple cases. 

For the sake of simplicity we take the form of arc voltage 
curve (ei) shown in Figure 2, where the peaks are of a rectangular 


1—2 2 | 
RQ AQAA 


£ — 


FIGURE 2—Diagrammatic Representation of Arc Current î, 
and Are Voltage e, 


shape and where the arc current (7;) is taken as a pure sine curve 


11 = 1, (1-254) 


With the symbols used in the figure we have——(comparing 
equations (1)—(4)): 
T 


".- f I.e dt-czlI,(2z E.+ Ey), (1) 


o 


Wom f аа — 1sin2 = z) 271 (2) 


and 
sin2 xz 


P = W, == W. = с I, Е, (3^) 


am 
a 


Accordingly, the efficiency is determined by 


A P = sn27x° Е, = sind zx (4’) 
^ Wo, <x(2rE-+E) 2zrc4zB' 

where 

E» 


рк а 


This efficiency is à maximum for the value of x, 
determined by 


lan2zz,—2z x, + <= B, (5) 
and the corresponding value of y is 
1 -/ 


1n 7 TE zz B) 


Corresponding values of z,,, and zo are shown in Figure З 
as functions of B. It appears from this figure, that 7,4, = 1 for 
P —0 and is above 50 per cent for values of В smaller than 0.2, 


FiGcRE 3—Diagrammatic Representation of Maximum 
Efficiency as depending upon the Ratio of the “Burning 
Voltage" E, to the “Igmtion Voltage’ E, 


NON-HOMOGENEOUS MAGNETIC FIELD 

In consequence of the preceding considerations, as shown in 
Figures 1 and 3, the best efficiency of the are is obtained when 
the voltage E» across the аге in the central portion of the period 
is kept as low as possible while the area of the peaks themselves 
should be as large as possible. "This conclusion, combined with 
the knowledge of the working manner of the arc obtained thru 
the investigations described in the papers referred to above, may 
lead to new ideas in the design of are-generators which may con- 
siderably increase the efficiency. We shall, in the following, 
consider one such suggestion. 

In all investigations referred to above, the are always burned 
in a fairly homogeneous and symmetrical field so that the аге 
was exposed to the same field intensity along its entire path. 
If there was any variation, then the strongest field would be 
located where the are is struck. The consequence of this is that 
the are is accelerated quite rapidly immediately after it has been 
struck. The are therefore only remains a very short time in the 
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innermost position. This is a disadvantage insofar as the arc 
is shortest and would burn at the lowest possible voltage in this 
position. It is therefore desirable that this first part of the cycle 
be prolonged as much as possible. The arc voltage will then be 
very low during a considerable part of the period, during which 
interval a considerable part of the supply current is pass- 
ing thu it. On the other hand, the arc must acquire the 
necessary speed toward the end of the period in order to de- 
velop the necessary extinction voltage or, in other words, 
the necessary peak-area. 


Figure 4—Schematic Representation of the Operation of 

the Arc:—A in a Homogeneous, and B in an Non-homo- 

geneous Field. (The lines marked b b represent the bound- 
ary of the strongest part of the field.) 
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The consequence of these considerations is that the field should not 
be homogeneous, but weaker near the ignition position of the arc and 
stronger near the position of extinction. This is shown schemati- 
cally in Figure 4-B, while Figure 4-A shows a homogeneous field. 
Under the conditions shown in part B, the arc burns a com- 
paratively long time near the starting point so that the are volt- 
age in a comparatively long time—as follows from what is set 
forth above—will be very low, and will not, until the end of the 
period, rise to the extinction value or develop the necessary 
peak-area (see part B III). The result is a low value of the burn- 
ing voltage, and consequently also a low value of the supply 
voltage Vo, and therefore a high efficiency. 

Even with ordinary circular pole pieces, this effect may be 
shown by placing the arc in the outskirts of the field, either as 
shown in Figure 5-A with the pole piece P over the cathode, in 
which case the cathode end of the arc is ignited in a comparatively 
weak magnetic field and extinguished in a comparatively strong 
field, or, as in Figure 5-B, with the pole piece over the anode, 


r 
І 
І 
І 
I 
L 


FIGURE 5—The Two Positions of the Arc in the Field of 
Circular Pole-pieces P referred to in Test 3 of the fol- 
lowing table 
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in which latter case it is the anode end of the arc which is ignited 
in the weaker and extinguished in the stronger field. 


TABLE 
Wave LENGTH = 9,800 m. Vo= ARC VOLTAGE 


[o = SUPPLY CURRENT I= RADIO FREQUENCY CURRENT = \/ 5 Г, 


I, = CURRENT THRU MAGNETIC COILS 


Cooling Shoe?| Form of Field 


With Shoe Non-homogeneous 
Without Shoe, Homogeneous 
With Shoe Non-homogeneous 


With Shoe Non-homogeneous 
Without Shoe| Homogeneous 
With Shoe Non-homogeneous 


With Shoe Non-homogene- 
oust | 
With Shoe Non-homogene- 


oust f 
1.85 | 1,700**| Without Shoe! Homogeneous 


* Mean value of a field over the area covered by the arc. 

** Shape of pole pieces different from that used in tests 1 and 2. 
f Taken with arrangement B, Figure 5. 

ttTaken with arrangement A, Figure 5. 


The results of some tests made with the arrangements shown 
in Figure 5-A and B are recorded in the table. In order to elim- 
inate any uncertainty with regard to the radio frequency losses, 
the value of the radio frequency current was in all measurements 
—except in test 1—adjusted to 40 amperes. (The ratio between 
Io and J is always constant and equal to 0.71). With this method 
the efficiency in the various tests is simply inversely proportional 
to the applied voltages Vo. (Compare, for instance, paper (а), 
equation (2), page 263.) 

In order to get the greatest possible efficiency, the position 
of the arc in the non-homogeneous field has to be rather exactly 
adjusted. 

It appears that in both the cases presented in Figure 5, the 
efficiency can be increased from у to 1.257, у being the maxi- 
mum efficiency obtainable in a homogeneous field. The maxi- 
mum increase of 7 thru a practical application of the idea set 
forth in Figure 4-B has not yet been ascertained on large 


2 See paper (c). 
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arcs, but must at all events be higher than the one stated 
above.? 

In conclusion, I wish to acknowledge my indebtedness to 
Mr. J. P. Christensen for the excellent help he has given me in 


this work. 
Royal Technical College, Copenhagen. 


October, 1922. 


SUMMARY: The possibility of increasing the efficiency of the Poulsen arc 
by burning it in a non-homogenous magnetic field is mathematically investi- 
gated, and experimentally verified. 


3 The correct distribution of the field intensity is of great importance in 
other ways, for instance, with regard to the regulation of the wear on the 
cathode carbon. In very large generators, this wear is often greatest at a cer- 
tain distance from the edge of the carbon, and less at the edge itself. "The 
reason for this is that the arc is not burning long enough at the edge, and when 
burning at that position is carrying too small a current. By making the field 
intensity smaller at the starting position of the arc, this irregularity may be 
eliminated. By suitable distribution of the field intensity any desired shape 
of the carbon tip may, no doubt, be obtained. 

All these considerations make it desirable to have those parts of the pole 
pieces which cause the non-homogeneities in the field adjustable in such a way 
that the field distribution may be altered from outside the arc chamber. 


^ 
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DISTORTION-FREE TELEPHONE RECEIVERS* 


Bv 
J. F. J. BETHENOD 


(PARIS, FRANCE) 


For many purposes, and in particular for radio telephonic 
reception, it is advantageous to obtain a distortion-free repro- 
duction of speech and various sounds. 

As is well known, the sensitiveness of telephone apparatus 
varles appreciably with the frequency of the current, that is, 
with the pitch of the sound being reproduced. The theory of 
this phenomenon has been set forth in the previous papers of 
Rayleigh, Kennelly, and others, and is based upon resonance 
between the impressed current frequency and the natural fre- 
quency of the diafram. 

The object of the following article 1s to show how it is theoreti- 
cally possible to realize a receiving system having а uniform sen- 
sitiveness over any range of frequencies required. 

When а current т circulates thru the magnetizing coil, the 
centre of the diafram is displaced by an amount z which is deter- 
mined by the equation: 

; dz dz 
Ai-SrrtR rM (1) 
in which A is the magnetic pull on the centre of the diafram for 
unit current, S, R, and M the stiffness, mechanical resistance, and 
equivalent mass of the diafram, respectively.! 

In order to solve this equation, it is first necessary to obtain 
a second relation between z and х. Two cases are to be distin- 
guished, depending on the manner in which is constituted the 
electric cireuit comprising the magnetizing coil of the receiver. 


1. THE ELECTROMOTIVE FORCE IMPRESSED ON THE ELECTRIC 
CIRCUIT HAS a DEFINITE VALUE € 
One may then write 


; dz 
e-ZitA O (2) 


*Received by the Editor, January 17, 1923. 
1 Sec the above-mentioned works. 
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in which Z is the impedance operator of the circuit. We will 
now ascertain the conditions which must be fulfilled in order to 
obtain a constant proportionality between zx and e for a telephonic 
current of any frequency whatever. If we design the operation 


: by the symbol p, and introduce the abbreviation 


d 
P=S+p R+p:M (3) 
we obtain, from (1) and (2) 
2 Рх 
c= +рА =. 
In order to solve the actual problem, the condition 
z=", (5) 
Á 


must be satisfied, A being a constant, positive or negative, which 
is quite independent of the current frequency. We thus obtain 
the relation 
AA —pA? І 
Z= p” (6) 
Also, it must be remembered that the use of triodes, as pro- 
posed by Mr. Marius Latour in his French patent, number 
501,472, of December, 1918, gives us the possibility of realizing 
artificial negative impedance, that is, not only negative re- 
sistances, but also negative inductances or capacities out of posi- 
tive ones. Mr. L. B. Turner has since developed a negative 
resistance device by means of triode arrangements (Kallirotron). 
By means of these devices, it is therefore theoretically possible 
to neutralize the impedance z of the receiver winding (with 
diafram damped) and this for any current frequency. (Figure 1). 


WEGATIVE 
(MPEOANCE fi 


a — 


NEGATIVE 
FILTER 


FIGURE 1 


Furthermore, if we connect an inductance coil and a capacity 
in parallel, there results a joint impedance which is expressed 
by the well-known equation 


,- _ Ft pl 
2l1-4prctpHe (7) 
in which l апа r denote the inductance and ohmic resistance of 
the coil respectively, c, the capacity of the condenser (assumed 
without losses). 
Now, if we make use of the device referred to above in order 
to reverse the sign of Z”, that is, to constitute a “negative filter" 
which is inserted in the circuit, we obtain 


aum (8) 


the numerical factor д being positive. ' 
А comparison of (6) and (8) gives the conditional relations 


LÀA tp S Mp! Rp, (9) 
gr дір 1 lep rcp 
from which it follows that 


.A* 0M LRA ,, RÀ 
x REG URGE. (10) 
This method determines the quantities l, c, r, and 4. 
Moreover, the equation (5) becomes 
M 


z-— pA (11) 


and the problem is theoretically solved. 


2. THE TELEPHONIC CURRENT Has А DEFINITE VALUE Í 
From (1) we get, for a magnetizing current equal to z 


A1 


х = р’ (12) 


and the ratio x will be chosen so that the new condition 


I 
r= (13) 
is fulfilled, » being a constant, positive or negative, which is 
independent of the current frequency. 

In order to arrive at this result, it is sufficient to shunt the 
receiver winding by means of a "negative resonator," utilizing 
the triode device previously referred to. (Figure 2.) The nega- 
tive sign is thereby obtained and we may then put down 


siz —h(rt+ip+2) (1—1), (14) 


wherein h is a positive numerical factor. 
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The condition to be fulfilled thus becomes 


1 
Рх | (reme) 
—®(т+їр+ L) 
cp 
Or 


( 1 
(rtp 2) 
Luar] 


(15) 


P 
A 


1 


NEGATIVE 
RESONATORS 


IMPEDANCE 


FIGURE 2 


Furthermore, when connecting a positive resonator in series 
with the telephone winding (see Figure 2), we can always reduce 


the artificial impedance ЕЕ p+ r toa pure capacitance 


Consequently, the conditional equality (15) becomes 


k p 
P__ehk(1+pre+ple). 
A c 
or c(S+tpR+p?M) = -&hAk(1T-- pred plc), 
whence follow 
lee 39, Ln p= XI. and so on. (16) 


Therefore, for any сазе, the natural frequency and the time 
constant of the diafram will be equal to the natural frequency 
and the time constant of the filter or resonator. 

The above statements show sufficiently how it is theoreti- 
cally possible to realize а telephone receiver the sensitiveness of 
which is independent of the impressed current frequency. 

It 1s interesting to remark that, by means of the same arrange- 
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ments, we may solve the theorctical problem of the distortion-free 
oscillographie or radio telegraphic recording apparatus. 


SUMMARY: The possibilities of a distortion-free telephone receiver are 
discussed. By means of triode devices, it is theoretically possible to realize 
such apparatus having uniform sensitiveness over any range of frequency 
required. The same devices may be applied to oscillographic or radiotele- 
graphic apparatus. 
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DIGESTS OF UNITED STATES PATENTS RELATING TO 
RADIO TELEGRAPHY AND TELEPHONY* 


ISSUED DECEMBER 26, 1922—-FEBRUARY 20, 1923 
By 
JOHN B. BRADY 
(PATENT LAWYER, OURAY BUILDING, WASHINGTON, D.C.) 
1,440,432—C. T. Allcutt, filed June 25, 1921, issued January 2, 


1923. Assigned to Westinghouse Electric and Manufac- 
turing Company. 


NUMBER 1,440,432—Radio Receiving System 


Rapiro RECEIVING SYSTEM, employing a two-electrode tube 
and a circuit arrangement for securing an interacting varying 
magnetic field produced by the interaction of the incoming 
signaling frequency and that of a local generator. The resultant 
magnetic field is transverse to the space current flow of the tube 
which is thereby controlled in accordance with the magnetic 
beat frequency to operate a telephone receiver. 


1,440,834—C. V. Logwood, filed July 2, 1921, issued January 2, 
1923. Assigned to De Forest Radio Telephone and Tele- 
graph Company. 

* Received by the Editor, March 7, 1923. 
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NUMBER 1,440,834—Electron Tube Transmitter 


ELECTRON TUBE TRANSMITTER circuit having a plurality of 
electron tubes with their plate circuits connected with an antenna 
system. Ап additional tube is connected between the grid 
circuits of these tubes serving as an effective resistance in the 
first mentioned tube circuits. This effective resistance is varied 
in accordance with signals to control the output of the first men- 
tioned tubes into the antenna system. 


1,441,087—J. W. Hill, filed April 6, 1921, issued January 2, 1923. 

WIRING SYSTEM, for improving sharpness in tuning in an 
electron tube transmitter. The tubes are all connected with 
equidistant leads from points in the circuits leading to similar 
elements of the tube whereby balancing of circuits is accurately 
obtained. 


1,441,988—E. P. Lindner, filled December 18, 1920, issued 
January 9, 1923. 

CRYSTAL DETECTOR construction wherein the crystal is sup- 
ported in à сир mounted to rock about an axis to present the 
surface of the crystal to the rectifier contact point. А yieldable 
member is provided in the cup for maintaining the crystal in place. 


1,442,146—R. A. Heising, filed April 13, 1918, issued January 

16, 1923. Assigned to Western Electric Company, Incor- 
porated. 

MODULATING AND TRANSMITTING SYSTEM, emploving electron 
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tubes in circuit with which a low frequency filter is located to 
prevent the radiation of low frequeney hum with the modulated 
waves. 


NuMBER 1,442,146—Modulating and Transmitting System 


1,442,781—H. W. Nichols, filed July 7, 1921, issued January 16, 
1923. Assigned to Western Electric Company, Incor- 
porated. 
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NUMBER 1,442,781—Reamplifving System 
f 


REAMPLIFYING SYsTEM, in which an electron tube amplifier 
is provided with a feed-back connecting its output and input 
circuits, comprising a network having substantially capacitative 
reactance only. This arrangement selectivity amplifies energy 
of a particular frequency or range of frequencies without amplify- 
ing disturbing energy or other waves of considerably different 
frequency. 


1,443,011—H. J. J. M. De R. De Bellescize, filed November 3, 
1922, issued January 23, 1923. 

ATMOSPHERIC DISTURBANCE REDUCING MEANS for a radio 
receiver comprising a resonant circuit with an amplifier connected 
to the cireuit and a current limiting relay connected to the out- 
put amplifier with the detector and telephones connected to the 
output of the current limiting relay. The resonant circuit and 
the output of tbe current limiting relay are interconnected. 


171 


whereby an electromotive force derived from the current limiting 
relay is impressed upon the resonant circuit opposing the flow 
of currents having а frequency equal to the natural frequeney 
of the resonant circuit. 


1,443,209—B. Bradbury, filed September 15, 1920, issued Jan- 
uary 23, 1923. Assigned to General Electric Company, 
Incorporated. 

RADIO RECEIVING SYSTEM, sharply tuned to eliminate the 
effects in the receiver of stations transmitting on closely adjacent 
wave lengths to the wave length desired to be received. A fre- 
quency trap is used in the telephone circuit. There are two por- 
tions to the frequency trap circuit, one of which is resonant to 
the signals of the frequency to be received and the other resonant 
to the frequency of interfering signals which it is desired to 
suppress. 


1,443,361—J. H. Hammond, Jr., filed July 27, 1917, issued 
January 30, 1923. 

SYSTEM FOR THE TRANSMISSION OF RADIANT ENERGY for 
secret communication. A set of rotatable commutators is pro- 
vided at the transmitter in the keying circuit for impressing upon 
a source of oscillations periodic amplitude variations of relatively 
different frequencies with means for rendering either of said fre- 
quencies effective upon the oscillations. The receiver is pro- 
vided with means for selectively receiving the modified signals. 


1,443,985—L. Espenschied, filed June 21, 1919, issued February 
6, 1923. Assigned to American Telephone and Telegraph 
Company, Incorporated. 


NUMBER 1,443,985—Signaling System 


SIGNALING SYSTEM for duplex operation, having a circuit for 
eliminating “side tone" at the receiver. The system employs 
carrier waves of different frequency for transmission and recep- 
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tion by providing separate antennas for transmitting апа receiv- 
ing, the said antennas being located a considerable distance from 
each other, and by neutralizing the inductive action of the trans- 
mitting system proper on the receiving system by means of 
balancing circuits. А conductive transmission line extends from 
the transmitting apparatus to the receiving apparatus, and a 
circuit is connected between this line and the transmitting and 
receiving apparatus for nullifying the effect on said receiving 
apparatus of the waves from the transmitting apparatus. 


1,444,417—Ј. Н. Hammond, Jr., filed October 17, 1917, issued 
February 6, 1923. 
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NUMBER 1,444,417 —Multiplex System іп Teledynamic Control 


MULTIPLEX SYSTEM IN TELEDYNAMIC CONTROL for manipu- 
lating a plurality of separately operable devices selectively from 
a distance in response to radiant energy, and in which each of the 
controlled devices is arranged to be controlled by the conjoint 
action of a plurality of separately movable commutators or con- 
trolling elements which are in turn separately controlled rota- 
table step by step. 
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1,444,438—W. C. White, filed August 7, 1918, issued February 6, 
1923. Assigned to General Electrie Company, Incorporated. 
GRID ELECTRODE STRUCTURE for an electron tube of the plio- 
tron type. The difficulty of the grid wire turns becoming loose 
under conditions of unequal expansion and sliding down 
on the grid frame is prevented in this invention by a spiral 
wire coil on each side of the grid frame which space apart the 
turns of the grid and maintain the wires in spaced relation even 
under conditions of expansion. 


1,444,534—B. Ames and P. J. Gilinson, filed February 15, 1918, 
issued February 6, 1923. Assigned to B. Ames. 

ELECTRICAL CONDENSER, consisting of alternate layers of 
conducting material being somewhat longer than wide and the 
alternate layers of the conducting material disposed transversely 
of each other so as to project laterally on each side. A clamp for 
securing the condenser as a unit is held together at each corner 
of the device. 


1,444,605—R. A. Heising, filed January 21, 1919, issued Feb- 
ruary 6, 1923. Assigned to Western Electric Company, 
Incorporated. 
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NUMBER 1,444,605—Carrier-Wave Sig- 
naling System 


CARRIER-WAVE SIGNALING SYSTEM, comprising a high fre- 
quency generating system A and a low frequency generating system 
B. In system A high frequency oscillations are produced in the 
antenna circuit 1 by the action of the tube С. The frequency of 
the oscillations generated in the antenna is determined primarily 
by the tuning of the antenna. In system B, tube G, generates 
oscillations in а tuned circuit consisting of variable capacity 2 
and inductances 3 and 4. Capacity 14 is included in the tuned 
circuit preventing the short circuiting of battery. A key К 
serves to short circuit & portion of inductance 4 for the purpose 
of changing the frequency generated in system B. By thus 

174 


changing the frequency, signals may be transmitted. Current 
for the anode-cathode circuit of both tubes is furnished by the 
source 5. Coil 6 is variably coupled to coils 3 or 4, or both. 
Coil 7 constitutes a high impedance for currents of the frequency 
generated by the system A, and coil 8 constitutes a high im- 
pedance for currents of the frequency generated by the system В. 
The usual stopping condensers 9 and resistive leak paths 10 are 
provided. A filter or impedance device 11 of any suitable type, 
which may be a loop-resonant circuit tuned to the mean fre- 
quency of system B, prevents oscillations generated by the 
system B from being impressed upon the antenna circuit. Dur- 
ing operation, the high frequency oscillations of the system А 
are modulated in accordance with the oscillations of the system В. 
This is caused by the intercoupling of coils 4 and 6, whereby a 
voltage corresponding to the low frequency oscillations is im- 
pressed upon the space between the anode and cathode of the 
tube (;. 


Re. 15,538—E. H. Colpitts, filed September 11, 1915, reissued 
February 13, 1923. Assigned to Western Eleetrie Company, 
Incorporated. 
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Re. 15,538—Control Device for Radio Signaling 
, K ! 


CONTROL DEVICE FOR RADIO SIGNALING for modulating the 
output of an electron tube. The voltage of the battery in the 
input or grid circuit is made of such value that the space current, 
that is, the current in the output cireuit, is made very small. 
Provision is made whereby the voltage applied to the grid or 
input circuit of the amplifier is changed at the instant of signaling 
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from such a value as causes a minimum energy loss in the output 
circuit to a value which permits of normal flow of current in the 
said circuit whereby signal energy is radiated. 


1,445,613—H. P. Donle, filed April 6, 1922, issued February 13, 
1923. Assigned to The Connecticut Telephone and Electric 
Company, Incorporated. 


DETECTOR, in which a sensitive crystal is placed in an evacu- 
ated tube and а granular contact provided. The tube is evacu- 
ated to avoid the possibility of deleterious action upon the sen- 
sitive portions of the detector by moisture, dust or fumes and 
oxidation which tend to reduce sensitivity. 


1,445,636—A. Meissner, filed May 3, 1922, issued February 20, 
1923. 


METHOD oF AND MEANS FOR INDICATING THE FREQUENCY 
VARIATIONS OF AN ALTERNATING CURRENT, consisting of a cir- 
cuit arrangement including an antenna and an alternating cur- 
rent generator connected with the antenna, a circuit coupled with 
the antenna, and an indicator connected in the circuit. A second 
circuit is also coupled with the antenna and having the current 
therein differing in phase by 90? from the current in the antenna. 
A third circuit is provided having the current therein differing 
in phase by 90? from the current in the second circuit. The 
second and third circuits are tuned to the desired frequency of 
the generator and the third circuit is coupled to the first men- 
tioned circuit so as to transmit current thereto at a difference in 
phase of 180? from the current transmitted to said circuit by 
the first mentioned coupling. This causes the currents in the 
indicating circuit to compensate each other when the generator 
is supplying energy of the desired frequency. 


1,445,929—W. R. G. Baker, filed October 7, 1920, issued Feb- 
ruary 20, 1923. Assigned to General Electric Company, 
Incorporated. 


ELECTRON TUBE TRANSMITTER, including an oscillator and 
a modulator. When it is desired to change the output of the 
oscillator to increase the transmission range a circuit is provided 
wherein а single switch control with à pair of independent arms 
moving over independent contacts will vary the potential applied 
both to the plate circuit of the oscillator and to the grid circuit 
thereof. 
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NUMBER 1,445,929— Electron Tube Transmitter 


1,446,247—L. De Forest, filed March 16, 1921, issued February 


ËB 20, 1923. 
LIGHT CONTROLLING MEANS comprising а tube entitled the 


"]|uxion." The tube contains mercury vapor or the like and а 
thermonic electrode therein with an anode spaced at some dis- 
tance therefrom and connected in an external modulation cir- 
cuit by which the relative intensity of the light extending be- 
tween the electrodes may be varied. The device finds applica- 
tion in photography wherein light intensity may be controlled 
by voice frequencies and projected upon a film. 


1,446,425—A. Leib, filed August 3, 1922, issued February 20, 
1923. 

WAVE METER WITH CATHODE TUBE, arranged to be coupled 
with an antenna system in circuit with a receiver. Тһе tube 
is arranged in a self oscillatory circuit with a buzzer connected 
in the anode circuit for interrupting the current generated by 
the wave meter whereby the receiver may be calibrated from 
known calibrations of the wave meter circuit. 


1,446,433—W. Schaffer, filed August 3, 1922, issued February 

20, 1923. 

CiRCUIT ARRANGEMENT FOR INDICATING THE DEVIATION OF 
A SENDER FROM A DESIRED FREQUENCY. The theory of this 
device which indicates when the transmitting wave length shifts 
from a desired value as follows: If two transmitters operate 
jointly at the same frequency on an oscillating circuit, a phase 
displacement of 180° occurs between them. The weaker of the 
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two transmitters is usually forced into or held in а 180? phase 
displacement by the more powerful transmitter. If the wave 
individual to the weaker sender is now slightly detuned with 
respect to the more powerful sender, the frequency of the oscil- 
lating wave does not vary, but apparently only the phase dis- 
placement of the two trasmitters with respect to each other is 
changed. Consequently, a measuring instrument provided in a 
circuit coupled with the two transmitters will register the varia- 
tion. If, on the other hand, there is a variation in the wave of 
the more powerful sender, that is, the working sender, then this 
will have a corresponding effect on the auxiliary sender, the 
phase displacement being varied at the same time. The result- 
ing variation in the current may then be used as a measure for 
the changes occurring in the wave, and the change in the output 
of the circuit may be used for correcting the occurring frequency 
variation. The present invention utilizes this theory by coup- 
ling an indicating device between a transmitting antenna system 
and a small oscillator and any deviation from the desired trans- 
mission wave is known by observing the indicator. 


EL 


6 
Sender Aclaates contecte te maintain 
frequency of the so ager urferm 


> 


NUMBER 1,446,433—Circuit Arrangement 
for Indicating the Deviation of a Sender 


from a Desired Frequency 


1,446,434—W. Schaffer and Dr. Fritz Kruschinsky, filed August 
18, 1922, issued February 20, 1923. 

CiRCUIT ÁRRANGEMENT FOR USE IN THE TRANSMISSION OF 
SIGNALS for supplying energy to electron tube circuits from an 
alternating current source for transmission. The invention re- 
lates to à particular combination of transformers, choke coil, 
and rectifier, connected to energize the tube circuits. 


The following digests should be read in connection with those 
appearing in previous issues of THE PROCEEDINGS. 


1,434,984—H. H. Beverage, filed May 3, 1921, issued November 
7, 1922. Assigned to General Electric Company, Incor- 


porated. 


NuMBER 1,434,984— Radio Receiving System 


КАшо RECEIVING SYSTEM for use with a Beverage antenna 
whereby signals may be simultaneously selectively received at 
the same receiving station from two different directions. 


1,434,985—Н. Н. Beverage, filed May 3, 1921, issued November 
7, 1922. Assigned to General Electric Company, Incor- 
porated. 


NuMBER 1,434,985— Radio Receiving System 


Rapio RECEIVING SYSTEM, employing a Beverage antenna, 
for reception of a plurality of different wave lengths simultane- 
ously. А plurality of receiving circuits which are resonant to 
the frequencies of the different signaling waves to be received 
are provided and the currents produced in the antenna at a 
selected point impressed upon these circuits. Each receiving 
circuit selects the particular signaling wave which it is desired 
to receive in that circuit without interfering with the selection 
of the desired waves by any of the other receiving circuits. In 
order to improve the reception, means are also provided for im- 
pressing upon each receiving circuit a current selected from 
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another point in the antenna which will be of the proper intensity 
and phase to neutralize in each receiving circuit disturbing cur- 
rents produced therein either by interference from undesired 
waves or by strays. 


1,434,986—H. H. Beverage, filed May 25, 1921, issued Novem- 
ber 7, 1922. 


NUMBER 1,434,986— Radio Receiving System 


RADIO RECEIVING SYSTEM, employing a Beverage antenna 
in which а balanced bridge circuit is provided for preventing 
interference in the system by waves of а wave length approxi- 
mately the same as the wave length desired to be received and 
which are traveling in the same direction as the waves desired 
to be received. 


List or RADIO TRADE MARKS PUBLISHED BY PATENT OFFICE 
PRIOR To REGISTRATION 
The numbers given are serial numbers of pending applica- 
tions: 


159,955—‘‘RaDIOHOME’”’ for radio apparatus. De Forest Radio 
Telephone and Telegraph Company, New York. Claims 
use since January 12, 1922. Published January 9, 1923. 


168,098—''Avp1oPHONE" for loud speakers. The Bristol Com- 
pany, Waterbury, Connecticut. Claims use since July, 
1922. Published January 9, 1923. 


170,131—'^WAavoLA" for radio apparatus. The Fairmount 
Electric and Mfg. Co., Philadelphia, Pennsylvania. Claims 
use since about August 14, 1922. Published January 9, 1923. 


170,478—Representation of head with ears of exaggerated size, 
for radio receiving apparatus. The Dyer Company, Cam- 
bridge, Massachusetts. Claims use since September 1, 1922. 
Published January 9, 1923. 


170,969—“‘THE Ear OF THE WoRLD’’—design of world with ear 
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in center of globe and receiving set in foreground—for radio 
apparatus. Chicago Radio Laboratory, Chicago, Illinois. 
Claims use since about February, 1922. Published January 
9, 1923. 


166,405—''REsco Rapiro” for radio receiving apparatus. The 
Radio Engineering and Sales Company, doing business as 
The Resco Radio Company, Cleveland, Ohio. Claims use 
since May 1, 1922. Published January 16, 1923. 


168,000—'*Go SKYLARKING WITH THE SKYLARK” for radio re- 
ceiving apparatus. The Perry, Desjardins and Temple Com- 
pany, Cincinnati, Ohio, assigned to The Skylark Radio 
Company, Cincinnati, Ohio. Claims use since June 23, 1922. 
Published January 23, 1923. 


169,572—''AnRECO" for radio sets and parts thereof. American 
Radio and Electric Company, New York, N. Y. Claims use 
since February 2, 1922. Published January 23, 1923. 


171,109—'"TuskA Арго” in ornamental arrangement, for radio 
apparatus. The C. D. Tuska Company, Hartford, Connecti- 
cut. Claims use since July 24, 1922. Published January 
23, 1923. 


168,003—''RaAprioN" dials made of hard rubber for radio ap- 
paratus. American Hard Rubber Company, Hempstead 
and New York, N. Y. Claims use since April 14, 1922. 
Published January 23, 1923. 


169,184—“RApDIoGEM” for radio tuning coil. Radiogem Corpora- 
tion, New York, N. Y. Claims use since August 21, 1922. 
Published January 30, 1923. 


169,824—''RCA" in ornamental arrangement for radio receiving 
and transmitting apparatus. Radio Corporation of America, 
New York, N. Y. Claims use since August 15, 1922. Pub- 
lished January 30, 1923. 


170,476—''CRosLEY" for radio receiving apparatus. The Ameri- 
can Automobile Accessories Company, doing business as 
Crosley Mfg. Company, Cincinnati, Ohio. Claims use since 
July 15, 1922. Published January 30, 1923. 


170,529—“‘Rapio Rose” for radio receiving apparatus. Jackson 
and Finkenaur, New York, N. Y. Claims use since Septem- 
ber 27, 1922. Published January 30, 1923. 
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` "uio receiving sets. Oard Radio 

-  .iness as Atlantic-Pacific Radio Sup- 

` .«xvwn, California. Claims use since May 
 ued January 30, 1923. 


~au in ornamental design, for radio cabinets. The 
* as, indianapolis, Indiana. Claims use since 1890. 
Ew uM atta: 


u=- SKYLARK” for radio receiving apparatus. The Perry, 
Dosjarunes and Temple Company, Cincinnati, Ohio. As- 
«gued to The Skylark Radio Co., Cincinnati, Ohio. Claims 
use since June 23, 1922. Published February 6, 1923. 


100,208—""SENSORY" in ornamental design, for radio receiving 
apparatus. Heinemann Electric Company, Philadelphia, 
Pennsvlvania. Published February 6, 1923. 


109.555—'' BEsTONE"' dials for tuning apparatus. Henry Hyman 
and Company, Incorporated, New York, N. Y. Claims use 
since April, 1922. Published February 6, 1923. 


100.699— Mark represents an ear cap for a telephone receiver 
with the diafram colored in red and showing thru the cap. 
For head telephone receivers. Metropolitan Radio Corpora- 
tion, Newark, New Jersey. Claims use since June 1, 1922. 
Published February 13, 1923. 


169,134—Letter “M” upon a seal with ornamental lightning 
flash behind the seal. For radio and electrical apparatus. 
Manhattan Electrical Supply Company, Incorporated, New 
York, N. Y. Claims use since April 10, 1922. Published 
February 13, 1923. 


171,797—"'SiwPLE RADIO-PHONE” assembled with design of an- 
tenna ground system, for radio receiving apparatus. A. W. 
Hanington and Sons, New York, N. Y. Claims use since 
June 15, 1922. Published February 13, 1923. 


165,533— ""DixiE" for radio receiving sets. Edwards and Com- 
pany, Incorporated, New York, N. Y. Claims use since 
May 9, 1922. Published February 20, 1923. 


165,968—“Rapo” in ornamental design, for radio apparatus. 
The Ra-Do Corporation, Bay City, Michigan. Claims use 
since May 9, 1922. Published February 20, 1923. 

169,869—''Rasco" for radio apparatus. Radio Specialty Com- 


182 


pany, New York, N. Y. Claims use since April, 1921. Pub- 
lished February 20, 1923. 


169,909—''R. P. C." for radio receiving apparatus. Chas. М. 
Kemper, doing business as Radio Products Company, West- 
port, Connecticut. Claims use since September 8, 1922. 
Published February 20, 1923. 


171,543—''CLAnoPHONE' for loud speakers. Master Radio Cor- 
poration, Los Angeles, California. Claims use since August 
10, 1922. Published February 20, 1923. 


171,670—''MasTER" in shield design, for radio receiving and 
transmitting apparatus. Union Construction Company, 
San Francisco, California. Claims use since May 15, 1922. 
Published February 20, 1923. 


171,671—''MasTROoLA"' in ornamental design, for radio receiving 
sets. Union Construction Company, San Francisco, Cali: 
fornia. Claims use since Мау 15, 1922. Published February 
20, 1923. 


172,137 —''VicT-RA-PHONE'" for radio receiving apparatus. Vic- 
tor Radio Corporation, New York, N. Y. Claims use since 
May 1, 1922. Published February 20, 1923. 


172,424—“‘Dvotrov”’ for rheostats. Malone-Lemmon Labora- 
tories, New York, N. Y. Claims use since about May, 1922. 
Published February 20, 1923. 
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RECEIVING MEASUREMENTS AND ATMOSPHERIC 
DISTURBANCES AT THE UNITED STATES NAVAL 
RADIO RESEARCH LABORATORY, BUREAU OF STAND- 
ARDS, WASHINGTON, JANUARY AND FEBRUARY, 1923* 


Bv 
L. W. AUSTIN 


(UNITED STATES NAVAL RADIO RESEARCH LABORATORY, WASHINGTON, D. C.) 


(Communication from the International Union for Scientific Radio 
Telegraphy) 


The observations for January and February show the con- 
tinuation of winter conditions. The afternoon signals and dis- 
turbances are, in general, slightly stronger than those of the fore- 
noon, and the disturbances are uniformly weak. Lafavette was 
not. heard during the forenoon in January, but has been meas- 
ured a number of times in February. 

The calculated signal intensities, assuming 480 amperes at 
Lafayette and 380 amperes at Nauen are: 

E (Lafayette) 231.5:10 ^ volts meter 
E (Nauen) = 15.31:07° volts meter 


RATIO OF AVERAGES 


Signal | Disturbance A..M. | P.M. 
P. M. Р.М. | Signal | Signal 
A. M. A. M. Disturbance Disturbance 


| 

| 

| JANUARY _ 
4= 23,400 m. . .... 1.32 , seu. Í| 8.86 
i= 12,500 m. | 1.33 | 1.24 | 2.37 | 2.53 

FEBRUARY 

^2:23,400 m. | 1.15 ` 1.65 6.85 | 4.94 
„= 12,500 m. | 1.24 | 1.82 | 3.76 | 2.58 


*Received bv the Editor, March 30, 1923. 
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FIELD INTENSITY OF LAFAYETTE AND OF DISTURBANCES 
(42 23,400 m.) IN JANUARY, 1923, iN MICRO-VOLTS PER METER 


| 10 A. M. | 3 P. M 
——— ——— 
| 
| Dis- ; ; | Dis- 
Date Signal озш | turbances | Signal | turbances 
2  * | 10 x 90.0 | 42 
3 | * has 1000 i 60 
4 * | 98 | 950 | 35 
5 أ‎ d | 12 100.0 | 2 
6 | * | 46 x 165.0 | 15 
8 o) * 928 | 105.0 15 
9 | * x 6 | 125.0 15 
1Ú | * 10 , 125.0 20 
lH i t | 14 | 850 25 
12 SEN. ^ 100.0 15 
13 * 33  -. IT » 
15 * | 20 | 85.0 25 
16 AEN MEME CC у 
17 * | 8.4 ^ 75.0 20 
18 *  , 20 | 105.0 16 
19 | * | 8 | 110.0 50 
20 * | 15 , 55.0 10 
22 * | 238 x "PT 
23 * | 40 75.0 j 40 
24 © 10 90.0 ; 40 
25 * ^ 23 | 75.0 | D 
26. + © 28 | 115.0 | 21 
a7 | * ! 19 | 100.0 40 
2 ~«O * | 21 | 100.0 16 
30 — * x 15 90.0 10 
31 * 18 100.0 18 
Average Ы | 19.2 , 98.5 | 25.4 
* Not heard. 


. . NOt taken. 
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FIELD INTENSITY OF LAFAYETTE AND OF DISTURBANCES 
(4 = 23,400 m.) iN FEBRUARY, 1923, IN MicRO-voLTS PER METER 


| 10 A. M. | 3 P. M. 
" Dis- 2: | Dis- 
Date Signal | turbances | Signal turbances 

1 | : |^ 10 | 950 | 16 
2 * ‚ 15 80.0 — 19 
3 + 19 * 25 
5 | * 8 940 , 18 
6 | 70.0 12 100.0 | 10 
? g * 8 95.0 | 15 
8 * - 90.0 | 16 
9 * 10 80.0 | 15 

10 * 18 * | 9.3 
12 95.0 32 90.0 | 20 
13 * | 8 | * | 16 
14 80.0 | 10 | 950 | 2 
15 75.0 l о, 75.0 18 
16 85.0 | 11 80.0 | 12 
17 100.0 8 105.0 | 12 
19 * | 6 * | 15 
20 * 4 * | 18 
21 95.0 — | E. v^ 90.0 10 
23 80.0 12 ! 00.0 ` 9 

24 70.0 10 ' кока A 
26 65.0 6 | 120.0 80 
27 90.0 22 ¦ 125.0 50 
28 90.0 16 | 120.0 ¦ 16 
Average 82.9 12.1 | 95.8 | 20 
*Not heard. 
_... Not taken. 


FIELD INTENsITY OF NAUEN AND ОЕ DISTURBANCES 
(4212,500 m.) IN JANUARY, 1923, iN MicRO-voLTS PER METER 


| 10 A. M. | 3 P.M 
D Dis | <. ^ Dis- 
Das | E | turbances | Signal turbances 
2 ! 90 . 8 26.5 19 
3 25.2 ' 15 18.5 20 
4 | 28 ` 12 17.0 15 
5 | * , 6 19.0 | 10 
6 170 ` 8 25.0 | 8 
8 ! 215 ' 16 3.0 | 8 
9 | . | 4 43.0 | 8 
l0 | 228 | 6 34.0 10 
H | 300 | 8 38.5 x 12 
2 | 130 ' 18 43.0 | 6 
13. , 250 | 15 M " 
15 1 ` 25.7 x 4 22.8 10 
16! 17.0 8 9 " 
17 ıı 250 | 5.2 30.0 10 
18 13.0 | 6 | 34.0 8 
19 25.7 | 8 18.0 18 
20 10.5 | 5 | 14.0 4 
22 ¦ 215 , 6 | ... T 
23 * 1 15 | 280 22 
24 | 325 6 | 250 , 23 
2 | 221 , 12 ; 43.0 6 
в 17.5 | 10 43.0 8 
27 19.2 ` 8 | 39.5 22 
29 | 35 , 10 : 270 8 
30 ¦ 26.0 | 8 | 32.5 4 
3 | 29.0 | 6 | 25.0 10 
Average | 22.3 | 9.4 29.6 11.7 


*Not heard. 
.... Not taken. 
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FIELD INTENSITY OF NAUEN AND OF DISTURBANCES 
(2 = 12,500 m.) iN FEBRUARY, 1923, IN Micro-VOLTS PER METER 


10 A. M. | 3 P.M. 
е Dis . | Dis 
Date | Signal | turbances | Signal | turbances 

1 5.4 4 | 14.5 8 
2 17.5 6 ¦ 22.9 6 
3 12.0 їз ' 21.5 18 
5 14.0 3 25.0 | 10 
6 17.5 6 22 0 4 
7 | 43.0 4 27.0 8 
8 | 35.5 5 32.5 9 
9 27.0 | 6 47.0 8 

10 | 30.0 © 10 33.3 5.6 
12 17.0 15 30.8 8 
| 13 17.5 4 | 43.0 8 
| 14 19.2 | 4 | 348 10 
| 15 * 6 | 17.0 9 
16 22 ] 5 +, 20.5 6 
17 ` 13.8 3 22 8 4 
19 ` 17.0 — 3.1 22.1 8 
20 | 22.8 | 2 22 8 6 
21 | 240 1.2 23.5 4 
28 ' 25.2 6 22 8 3 
24 20 | 6 ۰ 
20 19.0 — 3 22 1 62 
°> * | 6.3 228 Ш 

Average | — 21.1 5.6 1 2.3 — 10.2 


* Not heard. 
.... Not taken. 
SUMMARY: Field intensities of the signals from the Lafayette and Nauen 


stations, together with the simultaneous strength of the atmospheric dis- 
turbances are given for January and February, 1923. 
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RADIO EXTENSION OF THE TELEPHONE SYSTEM TO 
SHIPS AT SEA* 


By 
H. W. NICHOLS 


(WESTERN ELECTRIC COMPANY, NEW York) 
AND 


LLOYD ESPENSCHIED 


(AMERICAN TELEPHONE AND TELEGRAPH COMPANY, NEW YORK) 


In 1919, the American Telephone and Telegraph Company 
and the Western Eleetric Company initiated a development pro- 
gram which had for its objeet the development of a radio tele- 
phone system capable of enabling the service of the Bell Tele- 
phone System to be extended to include vessels at sea. The 
program Involved extensive development work in the laboratory 
and field, the establishment of shore and ship stations, and the 
putting of the system into practical operation, altho on a limited 
and experimental scale. 

It i5 the purpose of this paper to deseribe the results of this 
development work from the standpoint of the complete svstem, 
with emphasis upon the general transmission and operating 
features rather than upon the details of the apparatus developed 
to perform the necessary functions. The development divides 
itself, naturally, into two parts: first, the determination of the 
svstem-design and the establishment of the necessary. stations, 
and, second, the study of the transmission and operating char- 
acteristics of the system. 


PART 1 


RADIO SYSTEM-DESIGN AND ESTABLISHMENT OF 
STATIONS 


GENERAL PLANS 
The fundamental condition hud down at the beginning of 
this work was the very general one that there should be developed 
a system by which any telephone subseriber of the Bell System 


“Presented before THe INSTITUTE oF Rapto ENGINEERS, New York, 
January 3, 1923. Received by the Editor, Janums 4, 1028 
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could earry on a conversation with a telephone station located 
on а ship, and that, from the point of view of the speakers. the 
operation should be similar to the carrving on of an ordinary tol] 
call between land wire subscribers. This, of course. involves the 
development of a satisfactory two-way radio telephone system 
for ship use. Furthermore, it was desired to be able to carry 
on three simultaneous and independent conversations between 
three ships and one land station, since a final commercial «улеш 
will involve the establishment of several circuits simultaneously. 
These 2-way transmissions were to be obtained without emplov- 
ing an excessively large frequency band. 

A rough study of the problein resulted in a decision to locate 
the experimental land stations about 200 or 250 mules ‘320 or 
400 km.) apart and to trv for reliable commercial tran-mi-sion 
to ships at a distance of approximately 200 mules · 320 kim... 

The transmission problems involved in this work. which were 
different from those in wire telephone engineering. were: 

(a) A much greater variability in the transmission equiva- 
lent to be expected in the radio link; 

(b) А much greater and more variable interference. both 
natural and artificial; 

(c) A lack of хесгесу in the sense of a wire system; 

(d) Greater possibilities of cross-talk between chaunel- 
because of the use of a single medium: 

(е) More complication in the matter of signaling and in 
the setting up of the telephone circuit. 

The apparatus problems were, of course. entirely different 
from those of wire transmission and will not be considered in 
detail in this paper. 

An engineering project of this kind divides itself. naturally 
into two phases; that of the development in the laboratory of 
systems and apparatus which are technically suitable for the 
work and, second, the providing in the field of a model svstem, 
incorporating the knowledge obtained in the laboratory as a 
means for enabling the svstem to be tried out. A preliminary 
survey of the purely technical problems convinced us that the 
more important ones were the development of two-way radio 
telephone apparatus and of multi-channel systems which would 
operate from a single transmitting station without interference 
between channels; the design of transmitting apparatus which 
would satisfy the requirements and which could be built with 
the vacuum tubes available, and the development of a {уре of 
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receiving system which would provide sufficient selectivity to 
allow an economical use of the frequency range and at the same 
time fit in with the two-way system most likely to be adopted. 
It was decided that during the laboratory development work 
preparations should be made in the field for providing the neces- 
sary experimental stations. This field work as it developed 
included the location of station sites, the actual construction of | 
the station buildings and the antennas, the equipping of the 
stations with the apparatus as developed in the laboratory and 
as further developed in the station, the equipment of the ships, 
and, finally, the operation and tests of the overall system. 


SYSTEM DESIGN CONSIDERATIONS 


In the beginning it was thought that to cover the required 
200 miles (320 km.) range about one or one and one-half kilo- 
watts in the antenna would be necessary. It was not known 
what wave lengths would be made available for this work by the 
Department of Commerce. To produce this amount of power 
in the antenna there were available Western Electric 250 watt 
tubes which it was decided to employ. The question then arose 
as to the particular type of transmission systems most suitable 
for the work. "The points of importance in solving this problem 
are as follows: 

The greatest economy both in power and in wave length 
range may be secured by transmitting only one side band of the 
modulated wave. Moreover, this method has the great advan- 
tage that variations in the transmission characteristics of the 
medium do not cause as great fluctuations in the received signal. 
This 15 because the received signal is proportional to the product 
of the carrier and side bands and if the carrier is supplied locally 
instead of being transmitted, it is not affected by transmission 
factors. The use of such a system, however, or of one in which 
only the carrier is suppressed, throws upon the receiving set the 
burden of maintaining a constant oscillator frequency not only 
complicating it but also making reception impossible for the great 
majority of ships which are equipped with only straight detectors. 
This would defeat general inter-communication in emergency. 
Further, it practically restricts the transmitting set to one in 
which the power tubes are used as amplifiers, and it was known 
that some difficulty might be experienced in operating a number 
of 250 watt tubes in parallel if it should be necessary to transmit 
at wave lengths as low as 300 meters. For these reasons and 
after some development work it was decidod that the proper 
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system to use in the first experiment was one in which modula- 
tion is carried on by the constant current method which requires 
about an equal number of modulator tubes and power tubes and 
sends out all components of the modulated wave. | 

The simultaneous transmission of three channels from the 
land station may be accomplished in several ways. It is possible, 
for example, to carry on such multi-channel operation from one 
antenna, which is multi-tuned, or from three separate antennas. 
The antenna power may be supplied by one system of tubes 
carrying all three conversations or the power tube system may 
be split into three parts. Also, using a single antenna 
simply tuned it would be possible to transmit the three chan- 
nels from one system of tubes by a system of double modulation 
which had been installed by the Western Electric Company on 
United States battleships two or three years earlier. The 
difficulties which are likely to arise in these various schemes are 
as follows: The use of multi-tuned antennas involves loss of 
power in the circuits used to give the antenna three degrees of 
freedom. The use of a single system of power tubes for three 
channels requires that the tube system be capable of handling a 
large overload at times without impairment of quality, since 
it is possible that the peaks of three channels may occur simul- 
taneously. It was expected that under conditions of this kind 
there would be inter-modulation of the channels due to the 
modulating action in the plate circuits of the power tubes. The 
use of three separate antennas located very close to one anctherand 
tuned to frequencies differing by three or four percent. might lead 
to such close coupling of the three channels that cross-talk and 
modulation of one channel by another would result, the latter by 
plate modulation of one set of tubes by the currents induced in its 
antenna. The use of the double modulation system—altho re- 
quiring but one radiated carrier—is open to the objection of 
overloading and cross modulating of channels and also to the 
objection that the receiving apparatus aboard ship must be more 
complicated. An analysis of these and other proposed methods 
of operation resulted in the decision to employ at that time three 
separate but closely adjacent antennas and three separate trans- 
mitting sets using the constant current modulation svstem. 
This choice was made because of conditions peculiar to this par- 
ticular problem and to the vacuum tubes then available. Of 
course Improvements can be made in the system at the present 
time as a result of the information obtained in the development 
using the very much larger vacuum tubes now available. 


196 


These decisions, therefore, determined the general type of 
system to be used, namely, one in which many of the known 
advantages of single side band transmission were sacrificed in 
order to secure simple apparatus, to make use of then existing 
power tubes, and to enable the transmission to be received 
generallv. 

The problem of securing the two-way operation necessary 
aboard ship and for combined radio and wire operation may be 
attacked in several ways. In general, there are three methods 
avallable: 

(1) In which the east and west channels are established 
alternately and not simultaneously, by switching. 
The push-button scheme is à familiar example, al- 
though unsuitable for tying in with the wire tele- 
phone system. Another arrangement is the use of 
voice-operated relays to throw the terminal appara- 
tus into the sending or receiving condition, de- 
pending upon the direction of transmission. 

(2) The use of the principle of balance to separate the 
outgoing from the received transmission. The radio 
receiving antenna circuit is balanced with respect 
to the transmitting antenna circuit. 

(3) Employment of different frequencies for the two 
transmissions, relying upon frequency-selecting cir- 
cuits for effecting separation. The first two methods 
allow of operation on the same or on different 
carrier frequencies. 

All of these fundamental methods were considered in their 
several possible embodiments, and compared from the stand- 
point of the conditions to be met in the radio system itself and 
in linking it with a publie service telephone system. The system 
finally adopted employed different frequencies for sending and 
receiving and secured discrimination by frequency selection sup- 
plemented at the land station by a moderate degree of spatial 
separation and balance. By using sharply selective receiving 
circuits, a moderate frequency difference between east and west 
channels sufficed to give the necessary degree of separation. 


PRELIMINARY TESTS 
By the time these decisions had been made there was available 
for experimental purposes a plot of land near Cliffwood, New 
Jersey. It was decided to construct a model of the proposed 


antenna system on this plot and to operate small transmitting 
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sets to determine the cross-talk апа other important conditions. 
The antenna system decided upon consisted of three poles 
arranged in the form of an equilateral triangle supporting three 
antennas—one from the middle of each span to the transmitting 
shack at the center of the triangle. The dimensions of this model 
system were 50 meters (164 ft.) by 10 meters (33 ft.) high. Three 
experimental transmitting sets of small power were set up under 
the antenna system and studies were made of the interference 
produce between channels when all three channels were in use. 
Three receiving sets of the general form proposed were built 
and taken to a location near Elberon, New Jersey, about 16 
miles (26 km.) from Cliffwood, at which place it was decided to 
locate the three-channel receiving station to co-operate with the 
New Jersey transmitting station a mile (1.6 km.) awav. 

In November, 1919 the first test of a three-channel system 
was held between Cliffwood and Elberon with the result that the 
receiving sets resolved conversations on carriers of frequencies 
of 725, 750, and 775 kilocycles without any cross-talk altho the 
received volume was so large as to be audible all over the room. 
This is a frequency difference between channels of approximately 
three percent. A change in frequency to 747, 759, and 777 kilo- 
cycles resulted in а barely perceptible cross-talk on the middle 
channel, with no cross-talk on the others. These results indi- 
cated that the loop receivers which had been developed were 
sufficiently sensitive and selective to carry out the proposed 
three-channel work; and, altho a great deal of developinent work 
was done later on the receiving sets, the general principles were 
retained. It was found that some reliance must be placed upon 
the directional properties of the loop antennas, and considerable 
care was used to secure very sharp directional selectivity. This 
was done by compensating for the vertical antenna effect of the 
loop by a balanced connection to ground. 

During the whole course of this ship-to-shore work very little 
trouble was experienced thru interference by continuous wave 
stations, even when their frequencies came within two or three 
percent of those to be received. We did have, however, much 
difheulty due to interference from spark stations, since they 
inherently occupy а wide frequency range. 


PROVISION ОЕ STATIONS AND DEVELOPMENT OF APPARATUS 


During the time the model svstem was being constructed at 
Cliff wood, land had been purchased at West Deal, Monmouth 
County, New Jersey, for the permanent transmitting station. 
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It contains about sixty-three acres in the general form of a square 
bisected by a small brook flowing east. The center of this site 
is 1.1 miles (1.8 km.) south of the Elberon receiving station. 

In the spring of 1919, six 165 foot (30 m.) self-supporting 
steel towers had been ordered, three of which were intended for 
the Deal Beach station and three for the Green Harbor station 
to be built near that town in Massachusetts. Following pre- 
liminary work at Cliffwood it was decided to erect these steel 
towers in the form of an equilateral triangle five hundred feet 
ona side. This work was completed by December, 1919. 

In the meantime, complete building plans had been made 
and contracts awarded for building the permanent transmitting 
station. On account of severe weather conditions and strikes, 
the construction of the building was delayed, so that in order to 
carry on experimental work a small frame building was con- 
structed under the antenna system. It was decided to build 
in this temporary building a rough transmitting set which could 
be used as a model in the final design of the four sets to be located 
in the permanent building. This method of handling the work 
turned out to be much better than attempting to design the . 
whole transmitting set on paper, because with these rather short 
wave lengths some troubles were experienced by the setting up 
of very short wave oscillations in the wiring of the set. Some 
experimental work was necessary to obtain the proper layout 
of circuits connecting the various parts of the apparatus. 

At about this time antenna studies were made to determine 
the proper form to give to antenna suitable for three-channel 
operation without excessive cross-talk and this study indicated 
that by the use of series inductance and capacity the antennas 
could be stiffened enough to prevent excessive coupling effects 
and still pass the required frequency band. 

The experimental transmitter was completed in February 
1920 and in the middle of that month speech was transmitted 
from Deal Beach to New York and sent from there over wire 
lines for test purposes. 

The spring was spent in study and improvement of the trans- 
mitter circuits, and in April the design and construction of the 
final model, of which set four were to be built, began. This 
transmitter was completed by May and later, in June, was sent 
to Green Harbor, Massachusetts, in order that the latter station 
might be available for test purposes. 

Work now began on the four final transmitters for the Deal 
Beach Station. These sets were manufactured in the New York 
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shop from working drawings made from the experimental model. 

The final transmitting apparatus being well on the way, tests 
of the model transmitting set were made prior to its removal to 
Green Harbor, to determine the transmission characteristics 
and the distances which it might be expected to cover. In order 
to do this a systematic program of broadcasting music and 
speech from Deal Beach Station began in May, 1920. Amateurs 
and others were requested to co-operate with us in the study of 
"fading" and other transmission phenomena. As a result of 
these tests many hundreds of letters were received, which showed 
that audible radio signals were often received at a distance of 
one thousand miles (1,600 km.), altho a great deal of fading was 
to be expected, in overland transmission at least, even at mod- 
erate distances. These tests were carried on at wave lengths 
in the neighborhood of 400 meters. 

While this work was going on, a two-way telephone set for 
use aboard ships was developed, and in the spring of 1920 one 
of these sets was installed aboard the steamship “Ontario” of 
the Merchants and Miners Transportation Company. Experi- 
mental communication with this ship, by means of the model 
transmitters at both Deal Beach and Green Harbor stations, 
showed that commercial operation, at least for one channel, 
could be maintained. 

By the fall of 1920, the construction work on the four trans- 
mitting and receiving channels was completed and early in 
December a demonstration of simultaneous three-channel oper- 
ation from this station to ships was carried out with entirely 
satisfactory results. 


DESCRIPTION OF THE EXPERIMENTAL RADIO STATIONS 


The system as developed at Deal Beach consists of four trans- 
mitting sets, operating into four separate, altho naturally 
coupled, antennas, one set and antenna being intended primarily 
for 600 meter calling and for emergency. The receiving station 
co-operating with Deal Beach is located about a mile (1.6 km.) 
north of that station and contains four receiving sets receiving 
energy from four loop antennas. The transmitting sets are 
capable of putting about one kilowatt of modulated radio fre- 
quency power into each antenna and are controlled from a tele- 
phone switehboard into which run trunk lines from New York 
City. A ten-pair telephone cable connects Deal Beach and El- 
beron and another telephone switchboard at Elberon permits 
the transfer of received signals back to the wire line. The radio 
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station operates, therefore, generally as а telephone repeater 
arranged for two-way operation with two repeaters. At the ship 
stations, because of the small amount of space involved, trans- 
mitting and receiving are carried on the same antenna at differ- 
ent frequencies in the two directions. Because of the better 
receiving conditions on the shore the proper transmission bal- 
ance was obtained by making the output of the ship transmitting 
set about one-quarter that of the land station. 

The general principle of operation of one channel of the wire- 
to-radio repeater will be described from the schematic circuit 
diagram of Figure 1, which shows, in the dotted blocks, one 
channel of the transmitting station, a ship station, and one re- 
ceiving set. At the transmitter station the master oscillator, 
very carefully shielded to maintain constant frequency, operates 
into a two-stage amplifier, the last stage being fifty watt tubes, 
and from there into a bank of six radio frequency power tubes, 
each with a rating of 250 watts plate dissipation. Speech to 
modulate this radio frequency output enters from a telephone line 
and is applied to a speech amplifier the output of which operates 
into a bank of 250 watt modulator tubes in parallel. Thus both 
the radio frequency and the speech frequency currents are 
brought up to the high power level before modulation takes place. 
The six radio frequency and six speech frequency tubes have 
their plate circuits connected together and operate as a constant. 
current modulation system. Thus current of the frequency Fı, 
generated by the master oscillator and amplified and modulated, 
is radiated from the antenna. The notation Fı #S, indicates 
the radiation of the carrier and two side bands from this 
antenna. The incoming speech Sı, às it comes from the 
telephone line, passes thru the hybrid coil and to the 
balancing network shown. This balancing network has an 
impedance characteristic similar to that of the incoming line, 
and the combination of hybrid coil and network is similar to that 
used in telephone repeater practice to secure two-way operation. 
The object of this arrangement is, of course, to prevent signals, 
coming in from the receiving station, operating upon the trans- 
mitter of the outgoing channel. If the balancing network is an 
exact picture of the incoming line and if the hybrid coil is properly 
made, incoming signals for transmission west on the telephone 
line will produce no voltage at the terminals of the transmitting 
amplifier. 

At the receiving station the incoming wave is impressed upon 
a loop antenna and the receiving set. "The resulting detected 
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FIGURE 1—Two-way Radio-Wire System 


On the ship, this physical separation of transmitting and 
receiving set 1s, of course, not practical, and, as indicated before, 
transmission and reception take place upon one antenna so ar- 
ranged that the receiving circuit offers a high impedance to cur- 
rents of the outgoing frequency and low impedance to the in- 
coming signal. Actually, the outgoing signal is not entirely 
excluded from the ship’s receiver and there is present a side 
tone of about the magnitude of the incoming signal. This is by 
no means an undesirable condition and is the one which holds 
approximately in an ordinary telephone subscriber’s instrument. 
The presence of side tone assures the speaker that his system is 
functioning properly. 

Figure 2 shows a general view of the outside of the trans- 
mitting station at Deal Beach. "The three steel towers form an 
equilateral triangle of sides five hundred feet (150 m.) and each 
is one hundred and sixty-five feet (50 m.) high. Steel cables to 
support the antennas are strung between these towers and also 
three cables extending inward support a fourth antenna which 
rises directly from the building in the middle of the triangle. 
One antenna goes to the middle of each of the first mentioned 
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steel cables, so that there are a total of four transmitting antennas. 
One of these is intended for use at six hundred meters. The 
building is thirty by ninety feet (9.1 by 27.3 m.) and two stories 
high. The southern half comprises the operating room which 
rises two full stories. The other part of the building is taken up 
by an office, shop, power room, living and dining room and 
kitchen, and by six bedrooms. 


FIGURE 2 


| Figure 3 is a view of the operating room showing the four 
transmitting units.at the back; the power switchboard for sup- 
plying the plate circuits of the tube at the right; the telephone 
switehboard for the four speech or telegraph channels in the cen- 
ter; and on the gallery above the transmitting units, the coupling 
coils, loading inductances, and so on, between the sets and the 
antennas. The motor generator sets capable of supplying as 
much as five kilowatts at eighteen hundred volts to each of the 
transmitting sets are located in an adjoining room and controlled 
from the operating room. 
Figure 4 shows the interior of one of the transmitting units. 
In the shielded box at the upper right hand corner is the master 
oscillator which sets the frequency to be used for that particular 
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channel. Next to the left are two more shielded compartments, 
each of which contains an amplifier. The last one comprises 
fifty watt tubes. In the larger unshielded compartment are 
located, above, the six radio frequency power amplifiers. The 
reason for introducing two amplifiers between the master oscilla- 


FIGURE 3 


tor and the power tubes is to prevent any reaction from the 
antenna circuit back to the master oscillator. By taking this 
precaution the frequency of the master oscillator never varies 
more than fifty cycles in eight hundred thousand. The lower 
set of shielded compartments, at the right, contains the audio 
frequency telephone amplifiers which supply currents to the 
six modulator power tubes shown in the lower part of the open 
compartment. These two sets of six tubes each are connected 
together to secure constant current modulation. The output 
of these twelve tubes is led to terminals on the output of the trans- 
mitter unit at the left. To secure cooling in hot weather, a fan 
is installed below the power tube compartment. In the extreme 
left compartment are shown choke coils in the power circuits, 
and at the extreme left on the outside are circuit breakers and 
two handles for operating the tuning and coupling apparatus 
in the gallery above. 
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FIGURE 4 


Figure 5 shows one set of radio frequency apparatus in this 
gallery. The two inductometers at the left are for coupling and 
tuning, and the large condenser at the right, the plates of which 
consist of brass frames covered with copper window screen, is 
inserted in series with the antenna. This capacity together with 
the inductance immediately above it, stiffens the antenna circuit 
and increases the frequency selectivity to prevent radio fre- 
quency interaction between the several antennas. 

The telephone switchboard shown in Figure 6 is a special 
type of P. B. X. (private branch exchange), constructed to pro- 
vide the necessary shielding and to include telegraph oscillator, 
phantom coils, and other special apparatus. This switehboard 
provides for four channel telephone or telegraph operation and 
for the control and monitoring of all channels. In the operation 
of the system one operator, located at this switehboard, has com- 
plete control of the entire transmitting plant. The operating 
board was especially built for the experiments, and altho not the 
final form contains features which are of interest in that they 
illustrate well the technique involved in combined wire and radio 
operation. 

The four vertical rows of jacks correspond to the four two-way 
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FIGURE 5 


radio ehannels. At the top of each row will be seen the dials for 
controlling amplification. On the apron are telegraph keys, 
telephone keys, and operating cords. The cord circuits, by 
being plugged into the jacks, interconnect any one of the New 
York toll circuits with any one of the four radio circuits. The 
cord circuits contain the switching keys seen in front, bv means of 
which the radio station operator is enabled to split the circuit 
and talk either way, connect the circuit thru and bridge on it and 
talk or monitor. This cord circuit is shown in Figure 7 in rela- 
tion to the rest of the wire-radio junction circuit. It will be seen 
to һе of a four-wire instead of the more usual two-wire tvpe and 
to comprise in reality two circuits, one for east-bound and the 
other for west-bound transmission. This arrangement was used 
in order to obtain flexibility in the experiments. It enables the 
eireuits to be continued inland as four-wire circuits and permits 
of the switching operations being carried out with a minimum 
effect upon the 2-way balance of the transmission system. 

The receiving station at Elberon is located on a rented plot 
of ground and was not built in permanent form. since we did not 
regard this location as entirely suitable for receiving from the 
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Atlantic. Reception is carried on the four channels by means of 
four loop antennas operating into four receiving sets. А tele- 
phone switchboard similar to that at Deal Beach provides for 
the connection to the wire system. Of course, two telephone 
switchboards are not necessary but one was installed at each 
station in order that we might determine by operating tests 
whether the control of the system should be from the trans- 
mitting or the receiving station. 

The receiving sets as finally developed were extremely 
selective and pass only a band of speech width with a large atten- 
uation outside this band. They will be described in another 
paper. 
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Figure 8 shows a front view of one of the experimental trans- 
mitters used aboard ship. The lower half consists of power con- 
trol apparatus. Three 250 watt tubes are used of which one is 


FIGURE 8 


a master oscillator, one a power amplifier and one a modulator. 
The large capacity tube was used as a master oscillator and only 
a very small part of its output applied to the second power tube. 
This was done in order to prevent reaction of the antenna system 
upon the oscillator. 

Apparatus of this type was installed on the “Ontario” and 
"Gloucester" of the Merchants and Miners Line, and operated 
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in conjunction with Deal Beach and Green Harbor. Later 
another electrically similar set was built: by the General Electric 
Company and was installed and operated by the Radio Corpora- 
tion on the steamship ‘America.’ 
in Figure 9. 


? 


This installation is illustrated 


FIGURE 9—Duplex Radio Set Installed by the General Electric Company on 
the S. S. America 
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PART II 


OPERATION OF THE COMBINED RADIO AND WIRE 
SYSTEM 


The development work as described in Part I had resulted 
in establishing an experimental ship-to-shore radio telephone 
plant of some proportions. This will be seen by reference to the 
accompanying map of Figure 10 which gives а picture of the 
field setting, as it were, of the experimental operations. The 
experimental plant included: 
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Two operating shore stations—Deal Beach, New Jersey, 
and Green Harbor, Massachusetts. 
A field experimental station at Cliffwood, New Jersey. 
Two ship installations, on the S. S. Gloucester" and the 
S. S. “Ontario.” 
The vessels operated between Boston and Philadelphia or 
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Baltimore and took any of several courses, two representative 
ones of which are as plotted in the figure. 
№ Let us now consider this plant from the communication 
standpoint and look into its characteristics, first as an electric 
transmission system, апа then as а message handling facility. 
Each of the two land stations was tied into its nearest center 
by wire circuits, Deal Beach to New York and Green Harbor to 
Boston. We will take for our example the New York-Deal Beach- 
Ship circuit pictured in Figure 11 and shown diagrammatically 
in Figure 12. This is à combination of wire-radio toll circuit, 


FIGURE 11 


one end of which terminates on a vessel of variable position and 
the other end of which is capable of being extended either over a 
local circuit to a New York subscriber or over a long distance 
circuit to reach subscribers at more distant inland points. 

This communication circuit must fulfill two general require- 
ments. In the first place it must be so constituted electrically 
as to preserve the feeble voice currents launched upon it by one 
subscriber so that they be rendered to another person with 
sufficient volume and fidelity of wave shape to be readily in- 
telligible. This requires that the circuit be properly engineered 
as an electrical transmission network. Secondly, given a circuit 
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capable of talking, it is necessary that this circuit be flexible in 
use so that it can be put at the disposal of any land line subscriber 
for connection to a ship at sea, at any time the ship is within 
range. This requires that the proper switching facilities be pro- 
vided and brings in operating and traffic problems. 
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FIGURE 12—Combined Wire and Radio Circuits 


THE Rapio-WIRE TRANSMISSION CIRCUIT 


Two types of circuits were used in the experiments in oper- 
ating between New York and the vessel, as shown schematically 
in Figure 12. The radio link is the same for both. Different 
frequencies are used for transmitting in the two directions so that 
in the radio link we have the equivalent of two circuits, one for 
transmitting east and the other for transmitting west. This is 
the same as the four-wire telephone cireuit.. In the thru circuit 
first shown, the radio four-wire circuit is brought into a two-wire 
circuit at the land radio station, making a regular two-wire tele- 
phone circuit from the radio station to the New York toll ter- 
minal. This circuit was used in the tests for calls local in New 
York. In the arrangement of the second circuit of Figure 12, 
each of the one-way radio channels is extended back to the New 
York toll office by its own wire line and there joined into a two- 
wire circuit, making the wire-radio toll line from New York to 
the ship a four-wire system. This arrangement forms a high 
grade circuit and is the one used in the experiments for connect- 
ing with long distance lines. 

Taking the four-wire circuit, the path of the voice currents 
may be traced thru from one end to the other as follows: The 
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currents which are initiated by the land subscriber, for example, 
upon arrival at the New York toll office divide in the hybrid coil 
. between the east-bound and the west-bound circuits. The cur- 
rents are prevented from being propagated over the west-bound 
branch because of the unilateral nature of the repeater. The 
currents of the east branch are amplified in the repeater of this 
circuit in order to make up for the attenuation suffered in the 
cable circuit, and upon arrival at Deal Beach are amplified to 
power proportions, modulated upon the radio carrier and radiated 
into space. Upon being received at the ship end of the radio 
circuit they are sharply selected in respect to frequency, are again 
amplified, and delivered to the listener. When the ship sub- 
scriber talks, the voice currents are amplified, pass directly into 
the radio transmitter, are transmitted over the radio link in the 
usual way, received at the shore station, amplified and sent out 
over the wire circuit to New York. Here they pass in the re- 
verse direction thru the hybrid coil and divided between the two- 
wire circuit on the one hand and the balancing network on the 
other, thus getting back into a regular two-wire telephone circuit. 


INTERCONNECTION BETWEEN RADIO AND WIRE CIRCUITS 


It will be well to recall at this point just what it is that makes 
possible automatic repetition or thru transmission between the 
wire and radio circuits. | 

There is both ап outgoing and an incoming radio channel. 
The automatic repet tion from the wire to the outgoing radio 
channel is made possible thru ability to control the transmitter 
wave power by the voice currents set up at the distant end of the 
telephone line. It will be recalled that in the early radio tele- 
phone art, before the vacuum tube, modulation was effected by 
the microphone transmitter which required that the talker be 
present at the radio station. It is, therefore, the electric-control 
type of modulator such as the vacuum tube, as distinguished 
from the air-wave control modulator, which permits of the talker 
being at the far end of a wire circuit. Conversely in the receiving 
channel, it is the fact that the detecting action yields telephone 
currents directly, ready for propagation over a wire circuit, that 
enables the radio channel to be extended to a distant listener. 

Thus it is the thermionic tube modulator and detector which 
have made possible the radio-wire transfer. It is the thermionic 
tube as a reliable high-quality amplifier, however, that makes 
the transfer practical; for it is the amplifier which enables the 
weak voice currents received at the radio station from a land 
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line subscriber to be boosted to power proportions and thus con- 
trol the considerable radio frequency power required for trans- 
mission ; and, again, it is the amplifier which enables the extremely 
weak currents received from the radio link to be so augmented 
that upon being placed upon а wire circuit, and perhaps being 
further amplified en route, they may be heard in the regular 
telephone at the other end. 

The other important feature of the radio-wire inter-connec- 
tion is the junction of the four-wire and the two-wire circuits by 
means of the hybrid coil and balancing network as shown in 
Figure 11. The windings of such а coil are so designed as to 
establish a sort of Wheatstone bridge circuit. This bridge cir- 
cuit accomplishes the joining of the regular two-wire telephone 
circuit with the sending radio channel on the one hand and the 
receiving radio channel on the other, while still maintaining an 
electrical separation between the two radio channels. It is 
really, therefore, the connecting link between the two-wire type 
of cireuit of the telephone plant and the four-wire circuit of the 
radio link. The hybrid coil type of circuit, is taken from the 
telephone repeater and carrier current art.! 'The radio receiving 
circuit corresponds to the generator branch of the Wheatstone 
bridge; and radio transmitting circuit to tlie detector branch. 
The two-wire telephone line corresponds to the “X” arm of the 
bridge and the balancing artificial line to the “Ү” arm. The 
ratio arms are in effect formed by the windings of the hybrid coil. 


SPEECH RECEIVED FROM SHIP RE-TRANSMITTED FROM SHORE 
STATION 


Now this junction circuit always has some unbalance because 
it is obviously impossible to maintain a perfect symmetry be- 
tween the telephone line and the balancing network. Especially 
is this true where the telephone line is a type not designed for 
repeater operation and is switched at its terminal to any of a 
number of lines of different impedances, as was the case with the 
circuit used in the tests. 

This unbalance between the line and its balancing network 
will be seen to permit some of the speech-current received over 
the radio link to get across into the transmitting circuit, to 
modulate the shore station carrier and to get out into the ether 

1“Telephonic Repeaters,” B. Gherardi and Е. B. Jewett, ‘Journal of 
American Institute of Electrical Engineers,” pages 1255-1395, November, 1919. 

"Carrier Current Telephony and Telegraphy," E. Н. Colpitts and О. B. 


Blackwell, "Journal of American Institute of Electrical Engineers," pages 
205-300, February, 1921. 
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again on the transmitting wave length. Аз а matter of fact 
during the experiments the unbalance was sometimes such as to 
permit of fairly strong transmission around back thru the shore 
transmitter, so that incoming speech was repeated out thru 
tne shore station transmitter in amplified form. This en- 
abled listeners in the vicinity of New York to hear the conver- 
sation originating on the ship almost as well as that originating 
on land, and they naturally thought that they were picking up 
the ship's radio transmission directly, whereas they were actually 
overhearing the re-transmission of the shore-station's reception. 


THE THRU CIRCUIT As А REPEATERED TELEPHONE CIRCUIT 


This re-transmission makes all the more evident the true role 
of the shore station, namely, that of a large telephone repeater, re- 
peating between two sections of line, the one a land line and the 
other a “space” line, and functioning also to convert between 
the voice frequencies of one section and the radio frequencies 
of the other. As such, we can consider the over-all circuit from 
a transmission standpoint much as we do long distance repeatered 
telephone circuits. 

Now one of the most important transmission considerations 
in such a long distance circuit is that of how the amplification 
is applied in relation to the losses in the circuit. This question 
of amplification is particularly important in the case of combina- 
tion radio-wire systems, because the radio circuit possesses in- 
herently large transmission losses and requires correspondingly 
large amplification. The necessary large amplification is sup- 
plied at both ends of the radio link, partly in the transmit- 
ting station where the voice currents are amplified up to 
power proportions and partly at the receiving end where the 
amplifieation is likewise large altho at small power. In 
the radio telephone circuits which were operated in the experi- 
mental work the power in the sending antenna to that in the 
receiving antenna is in the ratio of roughly 10. This required 
amplification which was distributed somewhere near equally 
between the sending and the receiving ends. It has been found 
convenient to express such transmission losses in terms of a 
power ratio using 10°! as a unit.?. Thus the above antenna-to- 
antenna power ratio would correspond to 100 of such units. 


2The unit used in this paper is one which has been found convenient in 
expressing the transmission loss or gain of a circuit. One unit is taken as 
. that power ratio which is equal to 10°'. Thus, if the attenuation or amplifica- 
tion of a circuit is one unit the power at the two ends are in ratio of 10°'; if 
ten units, in the ratio of 10290. or 10; twenty units would therefore have 
a power ratio of 100, and soon. The advantage of using a power ratio instead 
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CiRCUIT TRANSMISSION ÉQUIVALENTS 


It is necessary that the amplification of such a circuit be 
sufficient to offset very closely the loss, in order that the net 
loss be small. Actually, in the tests, the radio portion of the cir- 
euit was worked with a net transmission loss of about six units 
` meaning that at least 95 percent of the radio over-all circuit 
losses were wiped out. This means that if a change of say 10 
percent occurs in the amplification, or in the ether loss as by 
fading or movement of the vessel, the circuit equivalent will be 
greatly affected—changed by about 200 percent. The difficulty 
of maintaining the ship circuit stable will therefore be appre- 
ciated. 

Figure 12 shows the transmission loss (of six units) obtained 
for the radio link during the tests and also the other losses which 
are in the wire portion of the combination system. The distri- 
bution of losses in the first circuit will be noted to be approxi- 
mately as follows: 

6 units in the radio link. 
3 units in the hybrid coil—balancing network. 
12 units in the wire circuit to New York. 
6 units from the New York central office to the subscriber. 

This makes a total loss between subscribers of 27 units which 
is satisfactory for а good talk under fairly quiet conditions. This 
equivalent was usually realizable under the conditions of the test 
and the majority of the calls put thru from local stations in New 
York with the ship 100-200 miles (160-320 km.) out were suc- 
cessful despite occasional spark interference in the radio circuit. 

The transmission loss is, however, too high in such a circuit 
to enable it to be extended inland over long distance wire cir- 
cuits. If this is attempted, two limitations come into play. In 
the first place, the volume of the talk becomes too weak. If the 
‚ eall were extended over a toll circuit having a 10-unit equivalent, 
for example, the over-all equivalent would become something 
like 37 unit, which is excessive. This could be overcome to some 
extent by a cord circuit repeater at New York. A second limita- 
of а current ratio is that it is uu ndent of the impedances of the two por- 
tions of the circuit considered. e advantage of expressing the power ratio 
as an exponent is that on iun of the exponential nature of attenuation 
it enables the net transmission efficiency of a system to be readily derived by 
algebraically summing up the individual losses and gains. This unit has been 
selected as more suitable for general use in expressing transmission efficiencies 


than the 800 cycle “mile of standard cable" which has sometimes been used. 
The ratio between these two units is = follows: 1 mile of standard cable 


equals 0.95 units as used in this paper. P: = 10°! = 95 g?(0.199 units. 
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- ioecrimniental set-up resided in the un- 

+ aad The balancing network at the radio 

uante permitted currents received over the 

‚ саек thru the radio transmitter of the land 

=~.. et above. These fed-back currents overload 

"eater i£ they are large compared with the currents 

‘ 4 то the radio transmitter from the shore sub- 

х . û utuer words, if there is sufficient amplification in 

~. ге “Pansmutter to enable very weak voice currents arriving 

ега апе of high equivalent to load the transmitter fully, then 

"ue transmitter is likely to be overloaded by currents which get 

thru the hybrid coil from the associated radio receiver. For 

these reasons, the two-wire-four-wire circuit of Figure 12 is not 
good enough for extension over long distance circuits. 

The four-wire type of circuit which is suitable for long dis- 
tance land line connections 1s shown in the second diagram with 
representative transmission equivalents. — А brief comparison of 
the two-wire and the four-wire circuits will make it evident why 
the four-wire circuit gives the better equivalent. It enables 
the land line loss between the radio station and the toll center 
to be more or less wiped out, thus in effect placing the radio 
station electrically at the toll center. Another way to express 
the situation is this: regard the hybrid coil unbalance as the 
limiting factor, then assume that, while holding to a given 
unbalance, the four-wire circuit (the loss in which can be largely 
wiped out by one-way amplifiers) is extended inland. The length 
of the remaining two-wire line back to the land subscriber 1s 
thereby decreased and the ratio of the current received at the 
radio station over the line as compared with that transmitted 
across the hybrid coil thru unbalance is increased. It will be 
observed that with the circuit conditions as illustrated, the over- 
all equivalent between, say, & Chicago subscriber and a ship, 
including a 10-unit toll circuit loss, is approximately 25 units, 
which should give a good talk. 


PowER LEvELs AND ÍNTERFERENCE 


It is necessary that the magnitude of stray currents be so kept 
down in comparison to the transmission currents thruout the 
system as to obviate noise interference with telephone conversa- 
tion. This requirement is particularly difficult of realization 
in the radio link because of static and, especially in the vicinity 
of New York, interference from spark telegraph stations. It is, 
of course, this interference, caused by the presence in the ether, 
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on the wave length band being used, of extraneous wave com- 
ponents, which sets the actual range limit of the radio link. 
Actually it was found that in transmitting on about 400 meters 
in the vicinity of New York the receiving field strength could 
not be permitted to go on the average below about 200 micro- 
volts per meter, апа even then the spark situation is so bad in 
the present art as to give periods of prohibitive interference. 
In less congested zones along the coast to the north, probably 
lower field strengths could be permitted. 


TRANSMISSION VARIATIONS IN RADIO CIRCUIT 

One of the outstanding transmission characteristics of a ship- 
to-shore radio telephone system is the variation which the atten- 
uation of the radio link undergoes as a result of the movement 
of the vessel. In order to determine the magnitude of these 
variations, a series of measurements were made of the telephone 
transmission over the radio circuit as the vessel proceeded on 
' her course. 
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FIGURE 13— Measurements of Telephone Transmission of Radio Circuits 


The method of making these measurements is shown schemat- 
ically in Figure 13. Take for example the case of measuring а 
one-way circuit as distinguished from a circuit looped back. 
A 1,000-cycle current of predetermined power of the order of one 
milliwatt is impressed upon the input circuit of the radio trans- 
mitter. This tone is received in the output of the distant radio 
receiver. There it is passed to the measuring apparatus where 
it is amplified, rectified, and made to operate an indicating in- 
strument. The receiving end measuring apparatus is then 
switched to a local source of 1,000-cycle current giving the same 
power as was applied to the transmitter at the sending end. The 
proportion of this power which enters the measuring apparatus 
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is then varied by a variable network calibrated in power ratio 
loss (it was actually in miles of standard cable), until the indi- 
cator reading is the same as that obtained from the radio receiver. 
The setting of the variable network then indicates the trans- 
mission loss of the circuit. The method is similar to that devel- 
oped for measuring the transmission loss of telephone circuits. 

These measurements were used for the purpose of enabling 
the radio link to be worked to a constant transmission equivalent 
—in this case, of about six units. 'The procedure for so doing 
was as follows: When the vessel was first picked up, the receiv- 
ing amplifications in both east and west channels were adjusted 
until the measurements showed a transmission equivalent of 
6 units. Then as the vessel proceeded on her course the trans- 
mission equivalent was measured at intervals of an hour or less 
and the receiving amplification readjusted to hold the desired 
six-unit equivalent. In this way, the talking efficiency of the 
radio link, was kept constant. 

The total amplification change which had been made from 
the beginning of а run up to any one time gives а measure of the 
change which has occurred in the transmission loss of the radio 
circuit. By plotting this change in relation to the time of day 
and in turn to the varying distance between the two stations, an 
interesting curve results which shows the manner in which the 
progress of the vessel affects the transmission of the radio cir- 
cuit. In Figure 14, the time of day is plotted horizontally, dis- 
tance is plotted vertically on the right and amplification verti- 
cally on the left. The zero amplification reference is the ampli- 
fication in the circuit which gives a six-unit equivalent at the 
time the vessel is first picked up. 

Curve À shows the manner in which the distance between 
shore-station and ship varied with time of day as on her south- 
bound course the ship approached the shore station from the 
northeast and drew away again to the south. "The vessel in this 
case was on her inshore course along the coast as shown in Figure 
10 above. Curve B shows the manner in which the receiving 
amplification on shore had to be changed with time of day to 
keep the ship-to-shore transmission constant, first decreased as the 
ship came closer and then increased as she drew away again to the 
south. Curve C is for reception on ship and shows the manner 
in which the ships receiving amplification had to be varied to 
keep the shore-to-ship transmission constant. Altho these are 
not measurements of any absolute quantity such as field-strength, 
they are practical measurements af actual talking circuits and 
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as such include the effect thereon of apparatus adjustments as 
well as the “ether” conditions and therefore are of value in de- 
termining the conditions to be met in maintaining the over-all 
system in operation. The difference between curves B and C, 


МГ mee 
1048 Daat Beacn ave S.S. Goveceren 


Jury .27, 192! 
+ Sup oreranec rece Osan Braon eourmmounc OU eunet Í-F 


= Crance IN 20010 GAIN TO UAINTAIN GONGTANT OIADUIT 
CQUIVME FAM ente CNANNEL | AEOEIVEA 


1 à ` 1 
a Ў г 
x 
- 
o 
4 
` 
š 
< ` 
o 
ый 
о 
о 


FIGURE 14 


for example, are in part the result of the difference in adjustment 
given to the detector tubes of the two circuits. The load on the 
detectors was kept practically constant by adjustable radio- 
frequency amplification so that any overloading was approxi- 
mately constant thruout the measurements and had the effect 
of minimizing the variation of circuit equivalents with distance. 

The curves of Figures 15 and 16 are obtained by taking the 
data of Figure 14 and plotting the variation of amplification 
with separation between stations. The minimum point is arbi- 
trarily chosen. These curves show up rather strikingly the fact 
that the transmission to the south is much poorer than that to 
the northeast of Deal Beach. "This result agrees with experience 
since greater difficulty is usually encountered in communicating 
with & vessel when the line of transmission is along the coast 
than when it is straight out to sea. The larger transmission loss 
may be due to shore absorption or, possibly, to refraction of 
waves by the electrical discontinuity represented by the coast 
line. This high attenuation effect was observed rather uniformly 
in all of the measurements, and would itself form an interest- 
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ing subject of investigation, using more absolute methods of 


measurement. 
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Figure 17 shows the circuit-equivalent-distance character- 
istic for the off-shore course taken by the vessel. The curve is 


generally similar to that for the near-in course. 
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' The rate at which the transmission of the circuit varies with 
change in distance is an important matter in operation, since it 
determines the frequency with which the amplification in the 
circuit must be readjusted to keep the equivalent constant. In 
accordance with the Austin-Cohen formula, the equivalent 
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should vary at the rate of about 0.25 units per statute mile 
(1.6 km.) with the vessel 100 miles (160 km.) out, assuming a 
square law detector. In the worst case found, the circuit equiva- 
lent varied at the rate of 0.5 unit per statute mile. This was one 
of the cases where the vessel was well south and close in shore 
and, of course, represents very poor transmission. It means that 
with the vessel traveling as slowly as ten miles (16 km.) per hour; 
a transmission change of about five units per hour will occur. 
In telephone practice it is desirable to keep the transmission 
equivalent constant to within two or three units, so that this 
condition would require re-adjusting the amplification as often as 
every half hour. 

These curves show the necessity for so designing the receiving 
set as to be able readily to obtain а wide variation in amplifica- 
tion in order to accommodate the changes in transmission 
efficiency. Under the conditions of the test, it was found that a 
variation of 40 units amplification is necessary in order to carry 
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the vessel from а range of 40 up to 200 statute miles (64 to 320 
km.). In order to gain such control, it is desirable to switch 
stages of amplification into and out of the circuits and to obtain 
closer adjustment by means of networks of variable loss. 

When we speak of holding the circuit to а constant transmis- 
sion equivalent thruout a wide variation in the position of the 
ship, we do not mean that the circuit for 200 miles (320 km.), 
for example, is as good as that for 40 miles (64 km.). The field 
strength received over the longer circuit is, of course, very much 
weaker than that received over the shorter one, and is subject 
to correspondingly more interference. For a transmitting power 
of about one kilowatt used in the tests, it was found that the cir- 
cuit was rather consistently good up to 100 miles (160 km.) or 
so. During summer daylight condition, it was only fairly good 
at around 150 miles (240 km.), and at 200 miles 320 km.) was 
subject to so much interference that its insurance against inter- 
ruption in service was small. Under more favorable conditions, 
particularly as at night in the winter time, connections could be 
established over very much greater distances, but not reliably. 


FIELD STRENGTH MEASUREMENTS 


The circuit transmission measurements described above were 
supplemented during the latter end of the experiments by meas- 
urements of a more fundamental nature, namely, of the received 
field strength. These measurements represent the application 
to the ship-to-shore development program of what was really 
another investigation—that of the development of methods and 
apparatus for measuring field strengths at these relatively short 
wave lengths as well as for longer wave lengths. The method 
and means employed will not be described, since they will be the 
subject of another paper to be given before THE INSTITUTE OF 
RADIO ENGINEERS shortly by the engineers immediately respon- 
sible for this development. Field strength measurements will be 
discussed, therefore, only insofar as the results obtained apply 
to the ship-to-shore type of system. 

The first measurements which were made are given in Figure 
18. Time did not permit of checking the results, but they are 
approximately correct. They show the variation in the strength 
of field received from the S.S. “Gloucester” during the same 
trip as the circuit measurements of Figure 14 were taken. "The 
fact that the transmission is considerably better to the northeast 
from Deal Beach than when the vessel is south is rather strikingly 
in evidence. The dash-line curve is for the Austin-Cohen formula 
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and shows that the field strength versus distance relation checks 
that formula for these relatively short wave lengths when the path 
of transmission is practically entirely over sea. The absorption 
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coefficient is obviously greater when the path of transmission 
has а relatively large component skirting along the coast line. 
The curve shows also that the vessel was picked up and the cir- 
cuit “made” on this day at a field strength of about 400 micro- 
volts per meter, then increased as the vessel came nearer and 
passed the land station to а value of 2,200, and that the circuit 
was "broken" at about 200 micro-volts. The results of another 
measurement made on the off-shore course of the vessel are 
given in Figure 19. A larger proportion of this curve is for 
straight-out-to-sea transmission where the attenuation law is 
seen to be normal. 

In the field strength measurements made during the ship- 
to-shore development, those of the S.S “America” en route 
across the Atlantic are especially illuminating. The results are 
given in Figure 20. The vessel was in-bound so that the curve 
develops from the right to the left, altho the effect is just the 
same as if it developed in the reverse direction with the vessel 
out-bound as was shown by another set of measurements which 
gave generally similar results. The actual measurement results 
are indicated by the points and by the connecting heavy line 
curve. The light curve A is a plot of the Austin-Cohen formula, 
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the absorption term of which is for daylight transmission over 
water. The light curve B is a plot of the simple inverse-with- 
distance law without any absorption term. 
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This eurve shows up the following important factors: Men 


(1) The enormous variation between day and night in 
the received field strength which occurs at distances of the 
order of 1,000 miles (1,600 km.) using wave lengths of 350 
to 400 meters as now employed in broadcast transmission. 
The curve shows night to day variations of the order of 
100:1 or a power ratio of 10,000:1. “This means, for example, 
that it would require 10,000 times more power to “get thru" 
as well during the day as during the best times at night. 
These enormous day to night fluctuations are now familiar 
to broadcast listeners. This curve shows the impossibility 
of giving continuous ship-to-shore telephone service at these 
relatively short wave lengths for distances as great as 1,000 
miles (1,600 km.). For such distances much longer wave 
lengths will be required, as well as more sending power. 

(2) The wide fluctuations which occur thruout the night 
period. Altho smaller than the day to night fluctuations, 
their effect upon transmission is still very large. The fluc- 
uations during the third night out, for example, are as much 
as 10:1 in field strength or 100:1 in power, or about 20 of the 
power ratio units we have used above. In view of the 
rapidity with which these fluctuations occur—within a very 
few minutes—it is practically impossible to maintain a cir- 
cuit under these conditions satisfactory for regular telephone 
service. 

(3) The most interesting thing to observe is that the 
fluctuations tend to fall within the two curves А and B. 
The day transmission is а pretty definite proposition, fol- 
lowing closely the Austin-Cohen formula. The night trans- 
mission appears in the nature of a “bob-up” from the day 
condition but seems to be limited in the extent of its “come- 
back" by the loss imposed by the simple inverse-with-dis- 
tance law. The fact that the difference between curves 
A and B is entirely one of absorption suggests that the very 
large and rapid night fluctuations, which are now so well 
known to broadcast listeners, may be explained in large 
part if not in whole, by variations in atmospheric absorption. 


OCCASIONAL LONG DISTANCE TRANSMISSIONS 
Many of the long distance records which have been made on 
short waves and low power can be accounted for simply on this 
basis—that the absorption which ordinarily obtains during day- 
light has been temporarily wiped out. The way in which it is pos- 
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able for the range to “open up" tremendously under exceptionally 
tavorable conditions will be seen from this: Referring to Figure 
20, assume that the normal daylight range between S.S. “А тег- 
ica" and New York was 250 miles (400 km.) as fixed by a limit 
taken as 200 micro-volts per meter. Then, at night, this same 
teld strength may be delivered over a distance of about 700 
nules (1,100 km.) if the absorption is wiped out in accordance 
with curve В. 

Furthermore, so favorable is the simple spreading-out law at 
such distances, that the field strength is only halved in going 
another 700 miles to 1.400 miles (2,200 km.) and only halved 
ngain in doubling this distance to 2,800 miles (4.500 km), and 
no on., In other words under no-absorption conditions, by in- 
creasing the receiving radio frequency amplification by a current 
ratio of only 15х15 = 1, or about 12 power ratio units, the range 
of transmission may be increased from the reliable daylight 
range of 250 miles (400 km.) to a possible night range of ten times 
this distance. It is therefore seen that many if not all of the long 
distance transmissions which have been realized for short periods 
of time probably ean be explained simply on the basis of there 
having occurred an exceptional clearing up of absorption at a 

\' ime of unusually favorable interference conditions. 


NETTING Up AND OPERATING COMBINED RapIo-WIRE CIRCUITS 


The operating problems presented by the combination wire- 
radio telephone system are more difficult than these involved 
in the operation of either a straight telephone toll line on the one 
hand or the ordinary radio-telegraph circuit on the other. In 
regular long distance telephone circuits we have a fixed type of 
system which is maintained continually in good talking condi- 
tion and the operators turn the terminals over to the use of the 
subseribers themselves. On the other hand in a radio telegraph 
circuit: operating. between land and vessel the circuit is kept 
entirely in the hands of skilled operators who have access to the 
apparatus and who handle the traffie directly between themselves. 
In no case before have we had the requirement of taking a radio 
link of varying length, building it up as occasion requires with 
wire circuits and, upon call, putting the combined system at the 
disposal of people experienced only in the use of the regular tele- 
phone. The technical difficulties of the combination system, 
together with the necessity of coming as close as possible to 
meeting telephone standards in the quality of talk given, greatly 
reduce the length of the radio link which ean be used for a service 
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as compared with those distances which can be spanned for short 
periods of time under the most favorable conditions. The effect 
which the requirement of reliability has in reducing the range of 
transmission will be appreciated from the discussion of field 
strength measurements. 

There are various ways in which the combination circuit 
ean be set up and operated and it will take further experience 
before the most satisfactory arrangement is determined upon. 
In order to explain the operation generally, however, we will 
describe how the circuit was actually set up during the tests. 
Take the case of a call originating on the vessel; then the proced- 
ure is as illustrated in Figure 21, namely: 
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FIGURE 21—SErrTING UP A TELEPHONE CONNECTION 


1 When the ship comes within range she calls the land 
station by telegraph on 600 meters, and informs the land 
station of her message business. 

2. The land station then assigns а pair of telephone 
channels to which both stations switch over and the circuit 
tested out for talking. In case of important long distance 
land line connection, this test may involve circuit transmis- 
sion measurements. 

3. The ship operator then passes to the land operator 
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by voice (ог by tone modulation telegraph) the information 

as to the connection desired. 

4. The land operator then tells the ship operator to 
stand by while he switches to the wire circuit and 
passes the call to the telephone central, who in the case 
of а local call is a local operator (actually, for this case, 
she was the operator on the New York Cortlandt 
Official board of the American Telephone and Telegraph 
Company); or in the case of а long distance call is a toll 
operator. 

5. The land line connection is made in the usual way and 
the shore station radio operator greets the land line sub- 
scribers. 

6. The shore station operator then joins together the land 
line and the radio link thus connecting the land subscriber 
with the ship operator, who proceeds to tell the subscriber 
that this is the steamship so and so and that Mr. Blank 
wishes to talk with him. While this is going on, the land 
operator is monitoring on the circuit and makes such final 
adjustments of the amplification as may be necessary. 

7. The ship operator then summons the ship subscriber 
and the latter takes up the conversation. 

The handling of calls originated by the land line subscriber 
presents a more difficult operating problem because of the un- 
certainty as to the radio link—it not being known whether it can 
be established and, if so, as to how long a wait will be involved 
in getting the connection. During the tests, most of the calls 
originated in the New York area. For these cases the land sub- 
scriber was connected to the Deal Beach station and there the 
call was put thru directly to the ship in case the radio telephone 
cireuit was available. When not available, information as to 
the call was recorded by the radio operator and the telephone 
circuit released for the time being. The call was then completed 
by first setting up the radio link and then calling back the initia- 
ting subscriber. It is obvious that the giving of commercial 
service will involve: first, the ascertaining of whether or not the 
vessel is within range; second, the “lining up" of the radio link 
preparatory to the thru connection; and third, the building up 
of the land line connection back to the calling subscriber and the 
making of the thru connection. Many detailed variations are 
possible in the procedure and the determination of the best 
operating methods will have to await upon experience obtained 
in actually giving service. 
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In order to become familiar with the problems involved in 
maintaining the ship-to-shore system in operation, a series of 
operating tests were carried out for a period of about three 
months, starting in January, 1921, and operating between Deal 
Beach station and the S.S. “Gloucester.” In accordance with a 


Date 1/9/21 Station K & G No 4 Date 1/9/21 Station 2X J 4 Ао) 
Time bimba received 3:50 P.M. Time filed smeesswed 3:48 Р.М. 
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Place NEWARK, N.J. Place NEWARK, N.J. 
Tel. No. 7622 WAVERLY Tel No. 752x WAVERLY 
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————————PüÁÓ( — — — ns 
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Time disconnected 3:58 P.M. Time disconnected 5:58 P.M. 
Reports QUALITY PAIR Reports FAIR QUALITY 
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Connection failed due to Connection failed due to 


FIGURE 22 


pre-arranged schedule (unknown to the engineer-operators), calls 
were entered by a considerable number of Bell System engineers 
in the vicinity of New York, and calls were initiated from the 
vessels also by the opening of sealed envelopes carrying instruc- 
tions to call one or more parties on shore. Figure 22 is a fae- 
simile of the message form or “ticket” used in the operating 
tests. The table below gives a representative record sheet 
recording the calls which were made on a particular day and also 
the time which elapsed in putting each one thru. These data, 
of course, are not especially representative of what can be done 
with a system after it is operating smoothly in commercial service, 
but are interesting in giving a general idea of the way the 
system worked and in showing that calls were successfully put 
thru in a reasonably short time. In the aggregate a large num- 
ber of calls were made, and as a result the system was put to a 
fairly severe operating test. It was found, as was to be expected, 
that the time required to put thru the radio connections to the 
vessels is large in comparison with the connecting time on the 
wire lines, and will require that precaution be taken in the 
operating routine to minimize the time during which wire cireuits 
are held up pending connection with the radio link. (The wire 
circuits used in the tests appeared in New York on a busy P.D.X 
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(private branch exchange) and did not receive the operating 
attention that they would in regular service.) But even tho 
the radio holding time was larger than the usual wire time, it 
is in itself rather surprisingly good considering the difficulties 
which attended this maiden operation of telephone circuits to 
ships and the operating results must be regarded as full of prom- 
ise for the extension of telephone service to the highways of the 
sea. 


TESTS OF THREE-CHANNEL OPERATION , . 


Of course, any comprehensive ship-to-shore radio telephone 
system must be capable of establishing a number of telephone 
connections from а common land station to a number of ships. 
The Deal Beach experiments, therefore, had as one of their 
objectives the trying out of multi-channel operation. These 
tests were conducted during the fall of 1920 and thru January 
1921, with the S.S “Gloucester” and the S.S. “Ontario.” А third 
boat was simulated by a small-power experimental set installed 
at the Cliffwood, New Jersey, experimental station. The three 
channel operation is illustrated diagrammatically in Figure 23, 
which also shows the scheme of frequencies. The three channels 
transmitting from Deal Beach were grouped in one frequency 
range, spaced 30,000 cycles apart. The frequencies transmitted 
from the ship and received at Deal Beach were grouped in another 
frequency range removed 30,000 cycles from the first and having 
frequency intervals likewise of 30,000 cycles. Transmitting and 
receiving channels differing by 90,000 cycles were paired in the 
manner indicated to form two-way circuits. While it is possible 
to squeeze channels together more closely than this, it was not 
desired in the experiments to go to the limit of frequency squeez- 
ing, particularly because of the severe selectivity requirements 
imposed upon vessel equipment. These frequencies represented 
a fair balance between technical perfection on the one hand and 
practically realizable conditions on the other. It will be seen 
that the set-up was really a four-channel system, with the fourth 
channel used on 600 meters for calling purposes. Under these 
conditions three conversations were carried on successfully from 
the single land station, two to actual ships and one to a “dummy” 
ship at the Cliffwood experimental station. 


EQUIPPING ОЕ S.S. “AMERICA” 


The primary development work of the ship-to-shore system 
was carried out, as described above, in conjunction with coastal 
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vessel, — Such vessels were chosen because the rapidity of their 
turn-round gave much more frequent test periods than could 
he obtained by means of vessels pursuing a longer route. It 
remained, however, to equip a trans-oceanie vessel and connect 
her into the telephone system. 
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FIGURE 23 


In 1921, the development tests of ship-to-shore telephony 
were extended to include the General Electric Company and the 
Radio Corporation of America. The engineers of these com- 
panies built a ship set similar to that developed in the work 
described above, but of a more commercial design, and installed 
іп on the S.S. "America" in January, 1922.3 During the succeed- 
ing few months, tests were made between the S.S. “America” 
and the shore, and on a number of these trips connections were 
put up to various interested parties around New York when the 
ship was within about 300 miles (480 km.) of the Deal Beach 
station. Of course, the ‘‘America” was carried out much farther 
than this at night, but the circuits were not sufficiently reliable 


3See article "Duplex Radio Telephone Transmitter," by Baker and 
Byrnes, “General Electric Review," August, 1922. 
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to be used in connection with the land lines, as will be appreciated 
from the field strength measurements given above. 

À photograph of a portion of the installation on the S.S. 
* America" is reproduced in Figure 9 above. The talking tests 
made with the “America” were the occasion of much interest on 
the part of the listeners-in, and several of the demonstrations 
were the subject of newspaper accounts and need not be 
described. The more technical phases of the tests with the 
S.S. "America" are (a) the field strength measurements, and 
(b) the simultaneous telegraph tests discussed below. 


SIMULTANEOUS TELEPHONE AND TELEGRAPH OPERATION 
BETWEEN SHIP AND SHORE | 


During the experiments with the Steamships ''Gloucester" 
and “Ontario,” the radio telephone transmissions were carried 
on alternately with the conduct of the regular radio telegraph 
service of the vessels. Simultaneous operation was impossible 
because the vessels were equipped with spark transmitters. 
While this arrangement of having to switch between either tele- 
phone and telegraph operation is permissible for small vessels 
where the communication load is light, it is, of course, not satis- 
factory for large trans-oceanic vessels where the message busi- 
ness may be such as to require practically continuous operation 
on the part of both services. 

Recognizing, therefore, that one of the problems attending 
the successful application of radio telephony to large vessels is 
that of simultaneous telephone and telegraph operation, tests 
of such transmission were conducted in co-operation with the 
Radio Corporation of America from the S.S. “America.” These 
were made during February and March of 1922. On the land 
end, the two radio circuits terminated at different stations, the 
telegraph end at the Bush Terminal, New York City station of 
the Radio Corporation, and the telephone at our Deal Beach, 
New Jersey, station. The telegraph transmitter was of the 
continuous wave tube type manufactured by the General Electric 
Company. The telephone and telegraph sets used individual 
antennas on the ship. 

Altho certain apparatus difficulties were experienced aboard 
the vessel because of the short notice at which the tests were 
made, nevertheless the tests were successful and demonstrated. 
that а telephone set can be made to operate simultaneously with 
a suitable C. W. (continuous wave) telegraph transmitter. The 
final solution of this problem of simultaneous operation, how- 
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ever, will undoubtedly require further work in co-ordinating the 
two tvpes of systems, in order to permit them to be operated 
on wave lengths relatively close together. During the tests, the 
wave lengths were widely different, the telegraph operating on 
about 2,100 meters and the telephone on about 375 meters. The 
work done at Deal Beach in the development of multiplex tele- 
phone operation, where three telephone channels were operated 
in the vicinity of 400 meters and a fourth channel was operated 
for telegraphy at 600 meters, demonstrates that it should be 
feasible to operate telephone and telegraph channels simultane- 
ously on closely adjacent wave length bands. However, in de- 
termining wave length allocations, these limiting factors will 
have to be considered: first, the greater susceptibility of the tele- 
phone to interfering noises, such as beat tones, and second the 
fact that the telephone requires two bands, one for each direction 
of transmission, and that these bands are required to be spaced a 
little apart in frequency. It is obvious that by controlling both 
types of channels from the same station they can be better co- 
ordinated in respect to frequency and general service use than if 
operated from separate stations, so that combined telephone- 
telegraph shore stations present interesting possibilities for the 
future. | 

Another method of operation which makes for wave length 
conservation is that of superimposing the telephone and tele- 
graph channel on the same carrier wave after the general man- 
ner of compositing long distance telephone lines with telegraph. 
This can be done by combining the two channels on one circuit 
as is done in wire practice and then modulating the combined 
channels upon the radio carrier. At the receiving end both chan- 
nels can be detected simultaneously and then the channels sep- 
arated by composite sets or filters. "This method is mentioned 
to show the ultimate possibilities of combined operation and is 
not put forward as one which is sufficiently practical, all things 
considered, for use 11 the art of the immediate future. 


RADIO LINKED WITH TRANSCONTINENTAL LINE AND CATALINA 
ISLAND 


The ship-shore radio link was on several occasions connected 
with very long distance circuits in order to demonstrate the 
extreme conditions under which combined radio and wire oper- 
ation are possible. 

Perhaps the most interesting case is that in which the ship 
was linked up with the transcontinental telephone line and con- 
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nected thru to Catalina Island in the Pacific thus bringing to- 
gether the two oceans. The circuit arrangements for one of 
these demonstrations are given schematically in Figure 24. 
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FIGURE 25 


Both the Deal Beach and Green Harbor shore stations were used, 
since it was desired to reach the ship anywhere on her course 
from Boston to the Delaware capes. The demonstration was, 


237 


therefore, also an example of connecting the ship into the land 
telephone svstem thru either of two shore stations. Аз a matter 
of fact, at one time the vessel could be reached thru both stations. 
It happened that the vessel was coming up the coast. The night 
before the demonstration the ship was communicated with thru 
the Deal Beach station and connected thru to Catalina Island 
for a rehearsal. For the demonstration of the following morning, 
connection was made thru Green Harbor. During both the 
rehearsal and the demonstration the operator on the vessel talked 
successfullv, altho with some difficulty, with the Catalina Island 
operator, while New York listened in. This demonstration was 
made for General J. J. Carty on February 14, 1921. An earlier 
demonstration of a similar nature, although not involving Green 
Harbor, was made for the delegates of the Preliminary Inter- 
national Communications Conference on October 21, 1920. 


CONCLUSIONS 


The result of this development may be summed up as follows: 

(1) It has realized a radio-telephone system capable of 

giving two-way transmission and meeting the requirements 
imposed by joint radio-wire operation. 

(2) It has demonstrated the actual use of this radio-tele- 
phone system in а wire-radio toll circuit as a means for ex- 
tending the telephone service of the country to include ves- 
sels at sea. 

(3) The experiments have demonstrated also the prac- 
ticability of multi-channel operation from a common land 
station whereby а number of land subscribers may be con- 
nected simultaneously to à number of different vessels. 

(4) The transmission and operating tests show the dif- 
ficulties attending the establishment and maintenance of the 
radio-telephone link to a moving vessel and the necessity 
for careful adjustment of the transmission conditions of 
the circuit and for a diligent maintenance of these adjust- 
ments during operation. 

(5) In the experiments in multi-channel operation and 
in simultaneous telephone and telegraph transmission from 
the same vessel, a beginning has been made in one of the: 
most important problems concerned with the early applica- 
tion of radio telephony to the marine service, namely, that 
of the co-ordination between radio-telegraph and radio- 
telephone transmission. It is obvious that the general de- 
velopment of the art of selective transmission, as well as the 
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entrance of radio telephony, calls for the use of purer carrier 
waves and of а minimum transmission band in radio teleg- 
raphy. 

(6) As regards the important question of wave lengths, 
the development has shown that the relatively short waves 
employed in the experiments are satisfactory up to several 
hundred miles but that for longer distances longer wave 
lengths will be required. The difficulty of obtaining for 
the marine service à wave length range sufficiently wide for 
permitting the handling of any considerable traffic is obvious. 
The band which can be allocated to this service will naturally 
be limited by the requirements of other services; and the 
intensiveness with which this band can be worked by closing 
up the frequency spacing between channels is limited by 
the consideration of intercommunication between different 
types of systems and by apparatus expense. 

In general it may be said that the present development has 
contributed to the communication art the means whereby the 
universal land line telephone system may be extended to ships 
atsea. The actual giving of such service must await the working 
out of the economie problems involved and the necessary busi- 
ness and organization arrangements between the communication 
companies and the steamship companies. 


SUMMARY: The paper describes the development of a two-way radio- 
telephone system and its use in extending the Bell Telephone System to con- 
nect with ships at sea. The electrical considerations and the experimental 
work involved in determining the system-design of the radio link are discussed. 
Two land stations were established, one of them a permanent three-channel 
station on the New Jersey coast. Two coastal vessels and finally one trans- 
Atlantic liner were equipped. These installations are briefly described in 
the paper. 

The operation of the combined radio and wire system is explained, par- 
ticularly in respect to the transmission characteristics of the over-all system 
and the effect thereupon of the movement of the vessel and of variations in 
atmospheric conditions. Measurements of the variations in the field strength 
received from field vessels at sea show why it is possible to receive over very 
long distances at favorable times at night and not during the day. The 
method of establishing combined radio-telephone-wire circuits to ships is de- 
scribed and representative results are given of the considerable telephone 
traffic which was handled over the system experimentally during a period of 
trial operation. Tests of multi-channel telephone operation to several ships 
thru the Deal Beach shore station, and also tests of simultaneous telegraph 
and telephone operation from the same vessel are described. Connection of 
a vessel thru the transcontinental telephone line to the Catalina Island radio- 
telephone system, wherety the vessel in the Atlantic talked with an island in 
the Pacific, is briefly described, and finally the outstanding conclusions of the 
entire development work are given. 


230 


DISCUSSION 


A. A. Oswald (by letter): The functioning of the shore station 
as а repeater connecting the wire and the radio circuits has been 
described at some length. It may be of interest to consider re- 
peating action of this general kind when applied between two 
radio circuits, as distinguished from the case of а land wire-radio 
link. 

From time to time, various radio repeater systems have been 
proposed, in general, analogous to either the 21-type or 22-type 
repeaters used in long distance wire telephone circuits. The 
21-type repeater is one which operates in two directions and em- 
ploys а single amplifying element. The 22-type repeater oper- 
ates in two directions and requires two amplifying elements. 
Each type has certain advantages. The establishment of a num- 
ber of radio stations for the ship-to-shore experiments afforded 
an opportunity to test one radio repeater system of each type. 

А test was conducted in which the Green Harbor station 
functioned as a 21-type radio repeater element between the S. S. 
Gloucester and the S. S. Ontario. At the shore station, Figure 1, 
the radio receiver was tuned to 820,000 cycles and the trans- 
mitter was adjusted to 730,000 cycles. "The shore station trans- 
mitter and receiver were then connected together. Both ship 
transmitters were tuned to 820,000 cycles and both receivers to 
730,000 cycles. Thus Green Harbor received both ships on the 
same frequency and re-transmitted the received signals to both 
ships. 

Altho satisfactory telephone communication was established 
between the two ship stations, several disadvantages were ob- 
served which are inherent to the 21-type repeater. "The carrier 
frequency of the terminal transmitters must be identical to pre- 
vent a beat note in the receiving element of the repeater. Carrier 
noise from both terminal transmitters is simultaneously received 
at the repeater and re-transmitted, thereby materially increasing 
the noise level in both terminal receivers. Amplification at the 
repeater is limited by the strongest incoming signal, since the 
adjustment must avoid overloading the transmitter. Amplifi- 
cation at the repeater is also limited by the electrical relation 
between the receiver and transmitter, which must be such that 
an oscillatory or singing condition is not established. If the 
four-wire termination is replaced by a two-wire termination, such 
as would be required if connections were made to the regular ship 


*Received by the Editor, March 16, 1923. 
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Figure 1—21-Type Radio Repeater I 


telephone system, а careful adjustment of amplification is neces- 
sary at all points in the system in order to avoid undesired and 
destructive oscillations. Obviously а similar condition arises 
when two or more repeaters are introduced in the radio circuit. 

A similar test of а 22-type radio repeater was conducted at 
the Deal Beach Three Channel Station. In this case, four fre- 
quencies were employed and the repeater had two separate trans- 
mitters and receivers. Two complete channels at Deal were 
used to form the repeater element between the S. S. Gloucester 
and a five-watt transmitter at Cliffwood, N. J. (Figure 2). 

The principal disadvantages of the 22-type repeater are the 
cost of two transmitters and two receivers as against half this 
equipment for the 21-type, and the use of four frequency bands 
as aganist two bands for the 21-type. On the other hand, it was 
found that the 22-type radio repeater not only eliminated the 
undesirable features of the 21-type, but also had marked ad- 
vantages. Since the terminal transmitters operate at widely 
different frequencies an audible beat note is not produced in the 
receiver units of the repeater. Carrier noise is confined to one 
channel. The amplification in the east and west circuits 15 not 
limited by the repeater units except in the matter of overloading. 
Two or more radio repeaters may be introduced in the radio cir- 
cuit without additional difficulties. Two-wire terminations are 
subject to the usual hybrid-coil limitations and do not involve 
any new considerations except precautions to avoid overloading 
the radio transmitter. Free oscillations or singing will only occur 
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CONTINUOUS-WAVE RADIO TRANSMISSION ON A 
WAVE LENGTH OF 100 METERS, .USING А SPECIAL 
TYPE OF ANTENNA* 


By 
Francis W. DUNMORE 


(ASSOCIATE PHYSICIST, BUREAU OF STANDARDS, Wasuinaron: D. С) 
INTRODUCTION 


The use of short wave lengths, of the order of 100 meters, for 
radio transmission, has numerous advantages. However, com- 
paratively few investigations have been made of transmission on 
100 meters, with either damped waves, or continuous waves, or 
radio telephony. This paper describes a method of continuous- 
wave transmission on a wave length of 100 meters, using a special 
type of antenna. This investigation was undertaken at the 
request of the Office of the Chief of Air Service, United States 
Army. The Office of the Chief of Air Service, and the Office of 
the Chief Signal Officer, United States Army, have given their 
consent to making publie the results of this investigation. 

In the investigation here described, communication was car- 
ried on using continuous waves, interrupted continuous waves 
and radio telephony. An electron tube generating set, rated at 
about 200 watts, was used. "The antenna was especially designed 
for use on a wave length of about 100 meters. Most of the tests 
here described were conducted on à wave length of 105 meters. 
А special type of receiving set, suitable for 100 meters, was 
developed for this work. This paper gives sufficiently detailed 
information so that anyone having suitable radio experience can 
construct and operate similar apparatus, and continue in this 
line of investigation. 

The use of short wave lengths is advantageous in that it 
reduces interference in several different ways. At the present 
time, very few stations transmit on waves having such short 
wave lengths as. 100 meters. For communication by radio 

*Received by the Editor, April 2, 1923. Published by permission of the 


Director of the Бите of Standards, of the United States Department of 
Commerce. 
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' telephony, a much narrower band of wave lengths in meters is 
required when transmitting on 100 meters than when transmit- 
ting on longer wave lengths such as 300 meters or above. 

The use of short waves such as 100 meters also reduces, in 
two ways, the difficulties in reception due to strays or ‘‘atmos- 
pherics.” It has been observed that more serious strays are 
encountered in reception with an antenna of large dimensions 
than with an antenna of comparatively small dimensions. For 
reception on 100 meters, а small antenna can be used. It has 
been found suitable to use a loop antenna (single-turn coil an- 
tenna) about 10 feet (3.2 m.) on a side, for reception on 100 
meters, and with such a small antenna difficulties due to strays 
are reduced. Furthermore, even if a large antenna is used, it has 
been observed that strays are usually not so serious when a re- 
celving set is tuned to 100 meters as when it is tuned to longer 
wave lengths. An interesting application of the use of a wave 
length of approximately 100 meters has recently been reported 
to have been made by the Westinghouse Electric and Manufac- 
turing Company. The report states that Cleveland, Ohio, is 
located in a so-called “dead spot” with respect to 360-meter 
broadcasts from KDKA in Pittsburgh, Pennsylvania. It was 
found that this dead spot did not exist when wave lengths of 100 
meters were used. Broadcasts of KDKA were made simultane- 
ously on approximately 360 and 100 meters. The 100-meter 
signals were received clearly in Cleveland, and were re-broad- 
cast on 360 meters from a broadcasting station in Cleveland. 
The local listeners in Cleveland were therefore enabled to hear 
KDKA on their 360-meter receiving sets. 

The antenna here described has a directional characteristic 
somewhat like the combination of a coil antenna and a vertical 
antenna and can be directed to transmit the strongest signals 
in a certain general direction. The antenna described is, how- 
ever, not so markedly directive that it is not suitable for broad- 
casting in all directions over moderate distances. 


GENERATING SET 

The circuit of the generating set used, as well as the antenna. 
is shown in Figure 1. There is a tuned-plate primary circuit, 
with a coupled antenna circuit. Four Western Electric Туре 
G-tubes, rated at 50 watts each, were used in parallel. The 
tubes were found to operate more satisfactorily by connecting 
in the grid circuit an inductively wound resistance of 3,200 ohms 
shunted by a 0.002 microfarad condenser. A 50-ohm resistance 
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was connected in the high-voltage supply circuit, and helped to 
stabilize the operation of the tubes. For operation at 105 meters, 
it was found that the primary or plate coil B (Figures 1 and 3) 
should consist of two turns of heavy copper strip two inches : 
(5.08 em.) wide. This coil, shunted by а mica transmitting con- 
denser having a capacity of 0.002 microfarad, gave à natural 
wave length of the primary circuit of about 105 meters. 


FIG. 1. GENERATING CIRCUIT AND 
ANTENNA FOR 105 METER TRANSMISSION 


Figure 1—Generating Circuit and Antenna for 105-meter Transmission 


For the grid coil A, a helix of 14 turns was used, as shown in 
Figure 2. The helix was made of half-inch (1.27 em.) copper 
strip, had a diameter of ten inches (25.4 em.) and a spacing be- 
tween adjacent turns of five-sixteenths of an inch (0.079 cm.) 
A tap at five and one-half turns from the center gave best recep- 
tion. The coupling between this coil and the plate coil B was 
rather critical. 

The generating circuit was coupled to the antenna by a sec- 
ondary coupling coil C, which is shown in Figure 4. This coil 
consisted of three turns of brass strip, one inch (2.54 cm.) wide, 
and was connected in series with the antenna. 

Figure 5 shows the generating set as assembled in an experi- 
mental setup, including the grid coil A, the plate coil B, and the 
secondary coupling coil C. 

While the generating set described above was arranged espe- 
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Figure 2—Grid Coil for Transmitting Set 


cially for use with the antenna here described, the same gener- 
ating set can be satisfactorily used with a T, L, fan, or other 
usual type of elevated antenna. 

In conducting communication on interrupted continuous 
waves, a chopper was used, which was connected in the lead from 
the filament to the radio-frequency circuit, as shown in Figure 1. 

It is important to keep the frequency of the generating set 


x. 
0.002 Microfarad 
Condenser 
FIGURE 3—Plate Coil for Transmitting Set 
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constant, since slight changes of frequency will require frequent 
adjustments of tuning at the receiving station, and a small 
change of frequency of the transmitting set may cause the re- 
ceiving station to lose the transmitting station. During opera- 


Flexible Brass Strip 
| In. Wide 
To Antenna 


Figure 4—Secondary Coupling Coil 


COUPLING COIL 


A-GRID COIL — ^^ PLATE COIL _C-ANTENNA 


FIGURE 5—Assembled Generating Set 
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tion, the operator should not get near the helix of the trans- 
mitting set, or other parts of the circuit carrying radio-frequency 
current. 


ANTENNA 

The antenna used was especially constructed with a view to 
reducing ohmic resistance and to obtain the maximum radiation 
on the wave length used. It had both localized and distributed 
capacity, and is shown in Figure 1. The antenna as erected and 
the small operating building containing the generating set is 
shown in Figure 6., It consisted of 23 number 20 Brown and 
Sharpe gauge bare copper wires* connected in parallel and spaced 
three inches (7.62 cm.) apart, which formed a rectangle 18 feet 


FIGURE 6—Special Type of Antenna for Transmission on 105 
Meters, Consisting of 28 Turns in Parallel 
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(5.5 m) high and 40 feet (12.2 m.) long. The antenna was sup- 
ported from two poles. Light wooden spreaders six feet (1.85 m.) 
long were placed about every four feet (1.2 m.) in order to keep 
the wires separated. The generating set is coupled to the an- 
tenna at the middle of the lower side of the antenna, by means 
of the secondary coupling coil C shown in Figure 4. The 23 wires 
did not form a complete circuit, but had a gap of about 18 inches 
(0.46 m.) Different-locations of this gap were tried. The two 
spreaders at the gap on which the wires terminated were held 
together by glass rods bent so as to have hooks on each end. The 
two spreaders át the gap were covered with copper foil connected 
to all of the wires, and а condenser having long narrow plates 
widely separated from one another was thus formed by spreaders. 
The capacity of this gap condenser was small, but was of the 
proper value to give a natural wave length of 105 meters to the 
antenna as constructed. | 

Figure 6 shows three such condenser gaps which were con- 
structed for experimental purposes. During any particular test, 
two of these three condensers were short circuited by jumper 
wires shown in the photograph, so that there was only one con- 
denser in the antenna at a time. 

One advantage of this type of antenna is that it can be made 
very rigid, so that its natural wave length will vary very little 
even when fairly strong winds are blowing. This is an important 
advantage since with the ordinary T or other form of elevated 
antenna, considerable variations in the transmitted wave length 
are often caused by wind blowing the antenna around and thus 
varying its capacity. Another advantage in this particular type 
of construction is the fact that a number of parallel wires spaced 
have a lower radio-frequeney resistance than when bunched 
together even tho each wire is insulated. 


RECEIVING SET 

A special receiving set suitable for wave lengths from about 
75 to 175 meters was developed for use during tests made at 
Washington. The circuit diagram of this set is shown in Figure 
7, and the assembled receiving set is shown in Figure 8. 

This set was designed for use with a single-turn coil antenna. 
It consists essentially of one stage of radio-frequency amplifica- 
tion employing a tuned plate circuit, a detector, and two stages of 
audio-frequeney amplification. The plate circuit tuning element 
— *Diameter of number 20 Brown and Sharpe gauge wire 20.0312 inch = 
0.081 cm. 
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G (Figure 7) in the plate circuit of the first tube is made by wind- 
ing 125 turns of number 38 double-silk covered wire* in a single 
layer on one end of a piece of square insulating tubing 334 inches 
(9.5 ст.) long, having an inside diameter of one-half inch (1.27 
em.) and an outside diameter of five-eighths of an inch (1.59 em.). 


FIG. T. RECEIVING SET FOR 75 TO 175 METERS 
A TERMINALS FOR CONNECTION TO COIL ANTENNA |н. ZNIEGOHM GRID LAN 00002 MICAOFARAD CONDENSER 


5.0.0606 MICROFARAD TUNING CONDENSER 1. FMCOONM ORIO 

C.TWO-PLATL VERNIER CONDENSER LAMENT RHEOSTAT 
D.0002 MICROFARAO CONDENSER. K, AUDIO FREQUENCY 

С 300 OHM STABILIZING RESISTANCE L.TELEPHONE TRANSFORMER 
F.RECEININO TUBES M.TELEPHON 

O.PLATE TUNING DEVICE. N. FILAMENT RHEOSTAT 


FIGURE 7—Circuit Diagram of Receiving Set for 75 to 175 Meters 


For tuning, a movable iron core is used, which consists of lamina- 
tions 0.001 inch (0.0025 cm.) thick built up into a core seven- 
sixteenths of an inch (1.34 cm.) square and two inches (5.08 cm.) 
long. | 


FIGURE 8—Assembled Regenerative Receiving Set for 75 to 175 Meters, for 
use with Coil Antenna 


*Diameter of number 38 wire = 0.0039 inch 20.010 em. 
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TRANSMISSION TESTS 


Numerous tests have been made with this type of transmit- 
ting set in connection with the type of antenna described. 

In May and June, 1922, transmission tests were conducted 
from Washington, D. C., to Pittsburgh, Pennsylvania, to de- 
termine the variations of signal intensity from daylight to dark- 
ness on a wave length of 105 meters. In November, 1922, tests 
were conducted at McCook Field, Dayton, Ohio, with the type 
of generating set and antenna above described loeated on the 
ground and a receiving set located on an airplane, to determine 
the directional characteristics of this type of transmitting an- 
tenna. 


TESTS AT WASHINGTON—RECEPTION ON GROUND 


The tests in May and June were conducted with station 8X K 
at East Pittsburgh, Pennsylvania, which is operated by Frank 
Conrad, of the Westinghouse Eleetric and Manufacturing Com- 
pany. Communication was conducted, using unmodulated con- 
tinuous waves, interrupted continuous waves, and radio tele- 
phony. Two-way communication was usually maintained dur- 
ing both daylight and darkness. 

The receiving set at Pittsburgh employed an electron tube 
detector and one stage of audio-frequency amplification. When 
the transmitting set at Washington was putting about 4.8 am- 
peres at 105 meters into the antenna, the signal received at Pitts- 
burgh had an aubibility which varied somewhat, but on the 
average was about 100. One important purpose of these tests 
was to investigate the phenomena of transmission over land on 
a wave length of 105 meters, with special reference to variations 
of signal intensity from daylight to darkness. On two different 
days tests were conducted from 12 o’clock noon to 9:00 p. m., 
and both continuous wave and interrupted continuous wave 
signals were transmitted every fifteen minutes for a period of five 
minutes. It was found that the received signals transmitted 
during daylight on 105 meters were nearly as strong as those 
transmitted at night. On one day, the signals received at Pitts- 
burgh had an audibility of 170 at 3:30 p. m., when the sun was 
shining brightly at Pittsburgh, while previously that day during 
cloudy weather the audibility had been 100. The general audi- 
bility observed during all the tests on 105 meters probably did 
not vary any more than would occur in ordinary commercial 
transmission on such wave lengths as 600 meters. The observed 
audibility of the received signal for interrupted continuous waves 
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was, roughly, about one-half that of the received signal for un- 
modulated continuous waves. The fading often observed dur- 
ing radio communication on 200 meters, especially at night, was 
notably absent during these tests on 100 meters. 

The May and June tests would indicate that in transmission 
on 100 meters serious fading does not occur, and that the usual 
marked difference in transmission between daylight and dark- 
ness is absent, altho these particular tests were not sufficiently 
extensive to be conclusive on these points. 

The plane of the antenna at Washington madean angleof about 
45 degrees with respect to the line of direction to Pittsburgh, so 
that the signals observed at Pittsburgh do not represent the best 
transmission of which the transmitting set is capable over a dis- 
tance of 200 miles (320 km.). Experiments were made using the 
antenna with the condenser gap in the middle of the top side, 
and also with the condenser in the middle of each of the vertical 
sides. With the condenser in the top side, the antenna had a 
radiation characteristic very similar to that of the usual form of 
coll antenna, except that complete extinction of the signal was 
not obtained. With the condenser gap in a vertical side, a 
somewhat uni-directional characteristic was obtained, the best 
transmission being in the direction of the open side. Altho the 
tests were not conclusive, maximum distance range was obtained 
when the condenser was in a vertical side. 


TESTS AT DAYTON— RECEPTION ON AIRPLANE 


In November, 1922, tests were conducted at MeCook Field, 
Dayton, Ohio, for the purpose of determining the directional 
characteristic of this type of transmitting antenna, and further 
to test the performance of the 100-meter transmitting set 
The Engineering Division of the Air Service, United States 
Army, conducts experimental work at McCook Field, and these 
tests were made in co-operation with representatives of the Air 
Service. All the Dayton tests were made, using interrupted con- 
tinuous waves. Signals were sent from the transmitting set 
and antenna located at MeCook Field, and received on an air- 
plane in flight. 

In the apparatus as installed at McCook Field, a 40-volt 
“С” battery was used in place of the grid leak shown in Figure 1. 
Three 50-watt power tubes were used. An ammeter indicated 
an antenna current of 5 amperes with continuous waves and 2.5 
amperes with interrupted continuous waves. 

For reception on the airplane a 60-foot (18.3 m.) trailing wire 
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was used with a 71% lb. (3.4 kg.) weight. This short wire and 
heavy weight caused the antenna to maintain an approximately 
vertical position and gave the antenna а receiving characteristic 
which was only slightly directional. For receiving at Dayton, a 
Signal Corps Type SCR-69 set was used, the coils being rewound 
for 100 meters. This set is of the direct-connected non-regener- 
ative type consisting of а detector and two stages of audio- 
frequency amplification. 

Tests were first made with the condenser gap in the center 
of the top horizontal section of the antenna. The airplane made 
a circle of three miles (4.8 km.) radius around the transmitting 
antenna, at an altitude of 2,000 feet (610 m.). It was noted that 
the signals were very strong along the plane of the antenna and 
very weak at right angles to the plane of the antenna. The effect 
was similar to transmission from a coil antenna combined with 
an ordinary elevated antenna, that is, a figure-of-eight charac- 
teristie without sharp minimum was obtained. When flying 
over the antenna at right angles to its plane and about 800 
feet (240 m.) above it, two dead zones were noted, one just 
before being directly over it, and the other just after passing 
over it. 

The antenna was then connected with the condenser gap in 
the center of one of the vertical sides. A second flight similar 
to the one mentioned above was made. The transmission char- 
acteristic seemed to be similar to the figure produced by the 
print of a shoe, the antenna being located at the instep. The 
signals were, on the whole, louder than in the first test in which 
the condenser was in the horizontal side of the antenna. Maxi- 
mum radiation took place from the end of the antenna in which 
the condenser was placed. 

Figure 9 shows the course taken in a third flight in order to 
determine the range in the general direction of maximum radia- 
tion. An altitude of 4,000 feet (1,220 m.) was held during this 
flight. It was found that as the airplane flew in a direction form- 
ing an angle of about 40 degrees with respect to the plane of the 
transmitting antenna, that the signal was lost at 11 miles (17.6 
km.). Theairplane than continued for a couple of miles and made 
a turn flying at right angles to the plane of the transmitting 
antenna in order to cross the plane of maximum radiation. For 
a distance of one and one-half miles (2.4 km.) on each side of the 
plane of the coil, the signals could be clearly heard. This was at 
a distance of 13 miles (20.8 km.). This distance, over which 
the signals could be heard, increased as the source was approached. 
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At 14 miles (22.4 km.) a similar region over which signals could 
be heard was found. 
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Figure 9—Observations Made During Flights at Dayton Ohio, on Signals 
Transmitted on 105 Meters 


A flight was next made in the opposite direction at a similar 
angle with respect to the plane of the antenna. The signal was 
lost at nine miles (14.4 km.). The altitude was then decreased 
to 2,000 feet (610 m.) and a return course taken. The signal was 
not picked up again, at this altitude, until the airplane was within 
six miles (9.6 km.) of the transmitting station. The fact of greater 
signal strength at greater heights has been noted by Franklin! 
and others, when using wave lengths of three meters, with a re- 
flecting arrangement. The tests described by Franklin were 
made near the sea, and at an altitude of 100 feet (30.5 m.) the 
signal strength was about seven times what it was at sea level. 

The short-distance range obtained in these tests at Dayton 
were probably due to the fact that а receiving set of compara- 
tively low sensitivity was used. In the previous tests made 
between Washington and Pittsburgh, a receiving set of consider- 
ably greater sensitivity was used, and much greater distances 
were covered. 


CONCLUSION 


The investigations which have been described show that it 
is entirely practical to get good daylight communication over a 
distance of 200 miles (320 km.), using the generating set and the 


1! €. S. Franklin, "Short-wave Directional Wireless Telegraphy," ''Wire- 
less World and Radio Review," volume 10, pages 219-225, May 10, 1922. 
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special type of antenna described. The use of the method de- 
scribed appears to have particular advantages for daylight com- 
munication. 

The type of antenna here described has been found to have 
the same general kind of directional characteristic as the more 
usual type of receiving coil antenna used in conjunction with an 
ordinary elevated antenna. 
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SUMMARY: The paper describes a method and apparatus for continuous- 
wave transmission on a wave length of 105 meters. An electron tube gener- 
ating set was used which employed four 50-watt tubes in a tuned-plate primary 
circuit, coupled to the antenna circuit. The antenna was rectangular in 
shape, 18 feet (5.5 m.) high by 40 feet (12.4 m.) long, and consisted of 23 wires 
connected in parallel. The generating set was coupled in on the lower side, 
and a gap which constituted a condenser was inserted in one of the other sides. 
The primary circuit and the secondary circuit separately each had a natural 
wave length of about 105 meters. А special receiving set was developed for 
this short-wave work. In transmission tests conducted between Washington 
and Pittsburgh, good signals were received in Pittsburgh during daylight, 
with 4.8 amperes in the transmitting antenna. Comparatively little variation 
in transmission was noted from daylight to night, and fading was not so serious 
as might be expected for somewhat longer wave lengths. The method de- 
scribed would, therefore, seem to have particular advantages for daylight 
communication. Tests were made at Dayton, Ohio, in transmitting with this 
set from the ground to an airplane in flight, and directional characteristics of 
the antenna were determined with the condenser gap in the top side of the an- 
tenna, and also in one of the vertical sides. | 
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PROGRESS IN RADIO ENGINEERING IN RUSSIA 
1918-1922* 


By 
VALERIAN BASHENOFF 


(MEMBER AND SECRETARY OF THE INSTITUTE OF RUSSIAN RADIO 
ENGINEERS, Moscow, RUSSIA) 


1. During the period of the blockade, Russian radio engin- 
eers were almost entirely cut off from the remainder of the 
civilized world. Only on rare occasions were they able to learn 
of progress in radio engineering in foreign countries thru inter- 
cepted radio telegrams or a casual number of an engineering jour- 
nalor newspaper. Consequently until 1921 it was necessary for 
them to utilize to the utmost in their engineering activities all 
the creative ability along theoretical and experimental directions 
which was available in Russia under the existing circumstances. 
The purpose of this paper is to convey to the West European and 
American scientific world some information relative. to the 
technical progress in radio communication which was carried out. 
It should be mentioned that during the period from 1918 to 1921 
all radio engineering work in Russia was necessarily carried out 
by Russian scientists and engineers, with complete isolation from 
scientific work done abroad, and under very. difficult. cireum- 
stances and disturbed conditions of the industrial enterprises in 
Russia. Most of the material of this paper comes from the pro- 
ceedings of meetings of the Institute of Russian Radio Engineers 
and from the data of the Russian Patent Comunittee for Re- 
search. Everything dealing with the field. of military radio 
engineering has been omitted from this paper. 

All scientists and engineers in Russia who are working in the 
field of radio engincering have associated themselves in a private 
scientific and engineering society (The Institute of Russtan Radio 
Engineers), which was founded in March 31, 1918, by thirtv-four 
such scientists and engineers. This society, chronologically con- 
sidered, is the third organization of this sort in the history of the 
world. It now has approximately two hundred members. The 
` * Received by Editor, September 22, 1022. Translated from the German 


by the Editor. 
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headquarters are in Moscow, and sections have been formed in 
the following cities: Petrograd, Nijni-Novgorod. Kieff, and 
Odessa. “The Institute of Radio Engineers is also the parent 
organization of the Radio Engineering Society of Turkestan. 
Since 1919, the President of the Institute of Russian Radio 
Engineers has been Professor M. W. Schuleikin, of the Moscow 
Institute of Technology, and the author has been the Secretary 
«nce 1919. 

The individual activities of the members of the Institute will 
be described below. As indicative of the activity of the In- 
stitute it may be stated that regular meetings are held in Mos- 
cow and Petrograd weekly. 

The radio laboratories of Russia, in order to co-operate bet- 
ter in their common. scientific activities, have formed a “Radio 
Association" which was a portion of the scientific-technical divis- 
ion of the Superior Industrial Council of Russia. The Institute 
of Russian Radio Engineers is an affiliated organization of 
the *Radio Association." "There has, therefore, existed in Russia 
since June, 1921, an organization which thruout this country 
has almost the same tasks as the International Union for Scientific 
Radio Telegraphy (U. S. R. E). The President of the “Radio 
Association" is Professor A. A. Petrowski at Petrograd, the Vice- 
President, Professor M. W. Schuleikin, of Moscow, and the author 
is the Honorary Secretary. 

2. It is correct to state that the electron relay during recent 
years has been the most important subject for research in all 
foreign radio engineering. In 1917 it was called to our attention 
in the form of three-electrode tubes in the French amplifiers, and 
aroused no slight interest among Russian radio engineers. 
Engineer M. A. Bontsch-Bruewitsch was the first to build up an 
organization in Russia for the production of these tubes for 
receivers and amplifiers in military and long distance radio 
stations, this work being carried out in the shops of the radio 
station at Twer, where he was then stationed. After the estab- 
lishment of the Radio Laboratories of the People's Commisariat 
of Posts and Telegraphs at Nijni-Novgorod, Mr. Bontsch- 
Bruewitsch transferred his activities to the new location and 
busied himself with a quantity production of tubes (type P. R. I. 
tubes for receiver and amplifier uses). Mr. Bontsch-Bruewitsch 
originated a whole series of constructional improvements which 
have been patented in Russia and which include a spring sus- 
pension arrangement to avoid mechanical shocks to the tubes, 
and grids with two external terminals by means of which the 
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grid can be brought to incandescence during the evacuation 
process. The scientific work of this engineer in the production 
of very great quantities of these tubes is of special interest (see 
the Russian Journal, “Radio Engineering." number 7. August. 
1919). When we became acquainted in 1921 with the theoretical 
results, in the same field. of the German and English seientists, 
we found that their fundamental notions were in good accord 
with the conclusions reached by Mr. Bontsch-Bruewitsch. as 
early as 1919, altho he had reached his results from quite a 
different point of view (see “Theory of the Triode“ by Professor 
Bontsch-Bruewitsch, Russian journal “Radio Telegraphy and 
Telephony," number 10, 1921). The first samples of these tubes 
were used in the Russian radio stations in 1919, and until 1922 
the shops of the Radio Laboratory at Nijm-Novgorod were the 
only source of receiving tubes for all the Russian Stations. At 
the end of 1921, Professor M. M. Bogoslowski organized the 
quantity production of tubes in his shops at the First Polvtechnic 
Institute at Petrograd. He used as a model for these tubes the 
French triodes, but with small improvements in construction. 
Professor Tschernischoff organized the production of receiving 
tubes of somewhat di^erent type from those of Professor Bog- 
oslowski at the radio laboratory of the Polytechnic Institute at 
Petrograd. Since the beginning of 1922 the National Shops at 
Odessa have been delivering amplifier tubes of special eonstruction. 
In the field of the manufacture of transmitting tubes for large out- 
puts, the good work done by Professor Bontsch-Bruewitsch and Pro- 
fessor A. A. Tschernischoff deserves notice. The former has pro- 
duced transmitting tubes for large outputs with water-cooled 
anodes at the laboratory at Nijni-Novgorod. These tubes have 
the following original construction. They consist of a copper 
tube into which four mutually perpendicular contact fins are 
soldered, thus producing chambers. In each chamber a filament 
as well as a grid are fastened on a glass rod. This arrangement 
permits excellent cooling of the anode and raises the output 
which can be obtained from the tubes. Tubes of this sort for 
each output were used by Professor Bontsch-Bruewitsch in the 
radio-telephone station at Moscow and have given excellent 
results. He succeeded, by the end of 1922, in producing 2-kilo- 
watt tubes using a new construction, without water-cooled an- 
odes. 

Professor A. A. Tschernischoff had begun the manufactu er 
of high-powered transmitting tubes and rectifiers in 1918 at 
the radio laboratoty of the Polytechnic Institute in Petrogra d. 
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In these, to heat the cathode, а discharge is caused to pass by 
means of & definite constant electromotive force between an 
auxiliary cathode and the main cathode. The anode consists of 
a platinum vessel which is placed around a glass tube. Water 
is circulated steadily in this glass tube. This water circulation 
reaches the points of greatest development of heat. Ву 
making the metallic walls sufficiently thin, excellent cooling 
is obtained and it becomes possible to increase the output of 
transmitting tubes. At the beginning of this research, the in- 
vestigator had to solve а great number of technical problems 
which took considerable time. The chief problem was to main- 
tain a high vacuum (10-6— 10-8 mm.). It was not until 1921 that 
such vacuum was obtained thru special devices. One device 
which deserves particular notice is а new type of mercury con- 
densation pump built according to the ideas of Professor A. A. 
Tschernischoff and Miss J. K. Schmidt. The most characteristic 
feature of this pump is the condensation of the mercury vapor 
on a water-cooled metallic wallewhich is connected to the other 
glass portions of the pump by a platinum cylinder with thin walls. 

3. The best results in the utilization of tubes of small and large 
output in Russia have been obtained in two forms of radio tele- 
phone transmitter, one of which was discovered by Mr. A. T. 
Ugloff and the other by Professor Bontsch-Bruewitsch. Mr. 
Ugloff worked out his circuit in а practical way at the Sec- 
ond Military Radio Depot of the town of Kasan, and de- 
seribed the results at & meeting of the Institute of Russian 
Radio Engineers on February 8, 1919. He had aimed at obtain- 
ing speech modulation of radio frequency without the use of & 
microphone capable of withstanding high power. The result 
was obtained by the use of а cascade amplifier which amplifies 
the modulated radio frequency current produced in the first 
oscillatory cireuits by an attached microphone. It was charac- 
teristic of this amplifier arrangement that it was very sensitive 
to alterations in the microphone resistance. The investigator 
had at his disposal only low-power tubes of French manufacture 
intended for amplifier and receiver purposes. In order to in- 
crease the total antenna power he added more tubes in each step; 
in fact the number of tubes in each step could be made eight or 
ten times greater than that in the preceding. "These tubes had 
a filament voltage of six volts and 300 to 320 volts in the plate 
circuit. In most of his experiments he used only three tubes 
in the first stage, 12 in the second and 84 in the third. Experi- 
ments in radio telephony using this system were carried out in 
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July, 1920, between the Volga Steamer Radishteff and the 
Radio Station of the Second Military Depot at Kasan, and lead 
to the result that satisfactory two-way communication was pos- 
sible between the steamer and the station at Kasan over the 
entire distance from Kasan to Zarizen. From this point on, 
the radio telephonic communication was only one-way, the 
station at Kasan being unable to hear the steamer altho the 
steamer could hear Kasan as far as Astrachan, 1,100 km. (690 
miles) in a straight line from Kasan. In order to establish com- 
munication over this distance, continuous waves were used by the 
steamer which were well received at Kasan. The same circuit 
using 35 French tubes permitted complete reception in Kasan 
with a six-step amplifier (model 1 constructed by A. W. Dikaroff) 
at a distance of 500 km. or 300 miles, with a low antenna on the 
steamer. Even better results were obtained with this radio- 
telephone set on the steamer Dekabrist in 1921. 

Mr. A. T. Ugloff, of the Military Radio Engineering Labora- 
tories, installed receiving stations on moving trains in 1918, and, 
in 1920, obtained good results in transmission from moving 
trains. One of the fellow-workers of Mr. Ugloff, Mr. S. W. 
Witkewitsch, built a radio telephone set for airplanes using the 
same circuit and obtained good results. 

Professor Bontsch-Bruewitsch constructed high power radio 
telephone stations in quite a different way. He used in his cir- 
cuit high power tubes of the construction mentioned above, and 
record ranges were obtained in tests during 1920. One of his tubes 
operating on low-plate voltage was used for producing continuous 
oscillations. These were modulated by means of a second tube 
placed in parallel with the first. The modulated oscillations were 
then amplified by a tube and transferred to the grids of six tubes 
in parallel which fed the antenna circuit. The maximum antenna 
current, using 3,000 volts in the plate circuit, was 30 amperes. 
This corresponded to an output of 5 kw. in the antenna of the 
old station at Moscow with a mast height of 120 meters (394 ft.). 
Long distances were covered by this transmitter. The most 
distant stations which received the speech with three-step audio 
frequency amplifiers of French origin were Irkutsk (4,600 km. or 
2,880 miles), Tschita (4,700 km. or 2,940 miles) and, using a 
simple detector receiver, Obdorsk (200 km. or 125 miles). This 
speech was obtained with good intensity in Christiania and Ber- 
lin. In the later case, Dr. A. Esau received the radio telephone 
messages from Moscow on a small loop antenna at Geltow. Since 
August, 1921, the inventor has perfected anew circuitforradiotele- 


261 


phone modulation which has been described in number 10 of the 
journal “Radio Telegraphy and Telephony." This circuit can be 
. used in any desired arrangement where vacuum tubes serve as 
modulators. It permits any desired increase of sensitiveness of 
the modulator, gives large outputs, and is very stable against dis- 
turbances. In this modulator circuit & microphone is connected 
thru а transformer to the grid circuit of à simple receiving tube. 
Thus the variations of potential on the grid of a second tube - 
never exceed a certain value even for the largest fluctuations in 
potential of the grid of the first tube, and even if such large 
ftuctuations result from small resistance changes in the micro- 
phone. In the autumn of 1922, the first Russian broadcasting 
station was established at Moscow at the Central Radio Tele- 
graphie Station. This station was built on the Bontsch-Brue- 
witsch system, and has an antenna 150 m. (490 feet), antenna 
resistance 5.5 ohms, antenna power 5.5 kilowatts, and a range 
of 2,000 km. (1,250 miles). 

A further considerable contribution to the field of vacuum 
tube technique was a radio-frequency cathode tube oscillograph 
produced by Professor A. А. Tschernischoff and Miss J. К. 
Schmidt. In their oscillograph, as with the Braun tube, cath- 
ode rays are used which are influenced by electric and magnetic ° 
fields. The difference between the Braun tube and their oscil- 
lograph is that in the Braun tube the cathode rays fall on a 
fluorescent surface, whereas in their arrangement they fall directly 
on a photographic plate in their path, thus acting on the sen- 
sitive film. For clear pictures of currents having a frequency 
of approximately 1,000,000 oscillations per second, voltages of 
60,000 are required, which make it necessary to have a very high 
vacuum in the oscillograph. This has been obtained thru the 
use of three Langmuir pumps in parallel. In connection with 
this oscillograph, very high constant voltages are obtained by 
vacuum connected as kenotrons. | 

Мг. L. S. Termen has produced a musical instrument utilizing 
vacuum tubes which preduce tones of desired pitch by utilizing 
the difference frequencies arising from two systems of definitely 
chosen pitch. Using this instrument, the discoverer has given 
highly successful concerts in Moscow and Petrograd. Engineer 
Guroff, of the Petrograd radio shop of the Naval Supply Service, 
has produced a musical instrument of similar type. Messrs. 
S. N. Rjewkin and B. A. Wredenski, of the Military Radio Labora- 
tories, have investigated the phenomena of interrupted pro- 
duction of oscillations, and have produced a tube oscillator, built 
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according to а method which the first of them had applied 
at the beginning of 1920. The method involves the insertion 
of а condenser in thegrid circuit with a high resistance in parallel. 
Satisfactory regularity of the oscillations was observed, which 
were produced in separate groups. Between these groups there 
were shorter or longer pauses. "This apparatus has been applied 
to measurements of capacities and high resistances, to wave 
meters for radio stations, and to the investigation of other 
physical phenomena, such as photo-electric effects, in the radio 
laboratories of the National Industrial Trust. Mr. A. A. Grigoriewa, 
engineer, has carried on а lengthy research on tube oscillations 
by self-excitation and on amplifiers using double grid tubes. 
Messrs. S. N. Rjewkin, N. N. Lutzenko, and B. А. Wredenski 
worked out a method of feeding the antenna, the plate, and 
filament circuits of cathode tubes with three-phase current, at 
the military radio engineering laboratories. In this system the 
transmitting tube acts also as a rectifier for high voltages. Mr. 
A. L. Mintz has worked out а new type of tube electrometer 
(voltmeter) for wire and radio telephony measurements. 

In view of the increased use of cathode tubes of large output, 
it has become necessary to produce very high voltage rectifiers 
with correspondingly large outputs. This problem was solved 
in two ways. Professor W. P. Wologdin worked out a good con- 
struction of & very satisfactorily operative mercury are rectifier. 
In the fall of 1919 at the radio laboratory at Nijni-Novrogod, 
Professor M. À. Bontsch-Bruewitsch produced a kenotron recti- 
fier for direct current at voltages from 6,000 to 15,000 and up 
to 0.5 ampere or more. 

4. In the construction of radio frequency НИ the fol- 
lowing progress has been made in Russia. A radio frequency 
alternator was produced by Professor W. P. Wologdin, and is 
of the uni-polar type, as are, for example, those of Alexanderson, 
Count von Arco, and others. The first model was produced by 
Professor Wologdin in 1912. The rotor of his machine consists 
of a number of sheets of equal resistance, and the stator is water- 
cooled. А considerable number of small machines have been 
built aecording to his plans; and these were followed bv an 
alternator giving 50 kilowatts output, which gave good results 
in May, 1922. A 150-kilowatt alternator is in construction in 
his laboratory at this time, and the calculations for a 500-kilowatt 
machine have been completed in the designing division. It is 
noteworthy that the designer has been able to secure the neces- 
sary iron for the radio frequency alternator, with a thickness of 
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Jmpe-er М. W. Sehuleikin has produced а type of static 
DITenoaenev converter which he called a “harmonic resonance 
"ranwormer: and such a transformer was built in the radio shops 
of “ne Naval supply Service and tried out in practice. Professor 
Waogun aas deseribed the construction of a static frequency 
"rin-iormer which in its simple form consists of two inductances 
in nes, one of constant value and one of variable value, with a 
capacity in parallel with them. 

The Рошхеп are converter has been widely used in Russia 
during tne last four years for radio telegraphy. The Moscow 
*Feenie Current Trust," ‘““Glaw-Elektro” has built a large num- 
ber of such converters, under the engineering direction of Mr. 
Eisenstein. It should be stated that the chief constructional 
features of this type are almost the same as in the ares which were 
received. in Russia in 1917 from foreign factories. In 1919 a 
high pewer station was established in Moscow (Shabolovka) 
uxitig з Poulsen arc of 100 kilowatts power in its primary circuit, 
which worked with the high power stations in Rome, England, 
and various other points. 

The antenna is supported by two wooden masts which con- 
sists of four main beams, and are 150 meters (490 feet) in height. 
For a still larger trans-Atlantic station, not far from Moscow, 
there will be used wooden masts consisting of six poles, each 200 
meters (645 feet) in height. The third mast of the Shabolovka 
Station is a metal lattice work tower 150 meters (490 feet) 
high. and built to be self-supporting in accordance with a very 
original design of Mr. Schustow, a Russian engineer. 

Professor A. A. Tschernischoff worked out a new type of arc 
converter with a device for automatic regulation and which also 
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permits of external adjustment of thearc. In the radio division 
of the National Experimental Electrical Engineering Institute, 
Mr. S. J. Turligin, engineer, has designed and constructed a 
model of a converter working in а steam and gas jet. He has 
also built the magnetic circuits out of iron dust and obtained 
good results. 

6. In addition to ordinary open antennas, coil antennas 
have been widely used in Russia. In December, 1914, they were 
demonstrated by Mr. Eisenstein and were also used for special 
receiving arrangements by the author in the spring of 1915. The 
latter arrangements were used in Russia until 1921, but only for 
uni-directional reception. In December, 1920, they were used 
for practical communication at the central receiving station of 
Lubertzy, near Moscow. The antennas at this central receiving 
station are arranged in accordance with the author's methods 
for а number of duplex receptions. Аз was shown by the first 
trials, there is no disturbance of reception when the large trans- 
mitters at Moscow (Hodijnka and Shabolovka) are operating 
at full power. Experiments at this station in July, 1921, have 
shown that, with a mast 60 meters (200 feet) high, good reception 
could be carried on simultaneously from Paris, England, Nauen, 
Rome, and Taschkent, and that the operation of the high-power 
transmitter 20 to 25 kilometers (13 to 16 miles) away caused no 
marked disturbance. As a result, the traffic-carrying capacity 
of the principal radio telegraph stations of Moscow was increased 
six to seven times (because of the simultaneous reception of five 
messages while both of the high power stations were operating 
at the same time). In addition to increasing the amount of traffic 
which could be handled, this method of the author also lead to a 
great improvement in reception because of the reduction of 
atmospheric disturbances. In all the tests at this radio station 
on July 2, 1921, reception was entirely possible at а time when 
the receiving station 15 kilometers (9 miles) away, and using an 
ordinary open antenna on а mast 120 meters (400 feet) high, had 
been shut down for an hour because of a thunder storm. In the 
log of the latter station it was noted by the operators that they 
had observed heavy atmospherie disturbances, which, however, 
had not been noticed at Lubertzy. 

Professor А. A. Petrowski has developed a triple sighting 
system for locating mobile radio stations using & number of loop 
receivers. This system can also be employed for the location 
of aircraft during flight. 

Professor M. W. Schuleikin and A. L. Mintz have produced 
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a calculating device which, designed according to Professor 
Schuleikin's ideas, facilitates the calculation of all the antenna 
constants. Thus, by two settings of the calculator, there can 
be obtained with sufficient accuracy for antennas of any common 
form, the values of the effective height, effective resistance, and 
values of inductance and capacity which must be connected into 
the antenna to tune it to any wave length. 

А valuable contribution was made to the design of transmit- 
ting antennas in December, 1921, by Professor M. W. Schuleikin 
and J. G. Kliatzkin. They have improved Alexanderson’s 
antenna system. Using a single mast, there is obtained theoreti- 
cally the same or even greater range than with the Alexanderson 
system employing a number of masts. It is hoped that these 
theoretical conclusions will be speedily tried out experimen- 
tally. 

The author and Mr. J. F. Plebanski applied in July, 1918, 
for a patent on a certain type of directional transmitter using a 
closed antenna system.. Tests in the fall of the same year 
showed that radio telegrams from Ribinski to Sergiew-Posad, 200 
kilometers (125 miles) from Moscow could be received there, 
while these signals could not be received at the station at Jaro- 
slawl, 80 kilometers (50 miles) from Ribinski. 

Engineer K. S. Tschetirkin. proposed in March, 1919, to con- 
struct an operating radio central. According to the ideas of the 
author, the transmitting keys and the telephone receivers were 
to be placed in the central operating room, where, with the help 
of amplifiers and connecting wires, the transmitters could be 
controlled and the receiving signals recorded. Such arrange- 
ments have great advantages in the concentration of the entire 
activities of various transmitting and receiving stations with 
resulting increase 1п traffic handled. Tests at the station at 
Lubertzy have shown that the signals can be carried with very 
slight loss in readibility of 25 kilometers (16 miles) from the 
station to the Hotel Metropol in Moscow, where operators write 
down the messages. 

7. Messrs. A. W. Dikareff and A. T. Ugloff in Kasan have 
worked out various new types of six-step amplifiers and external 
heterodyne oscillators, and have undertaken the manufacture 
of this apparatus on a large scale. Their equipment has been 
used widely in the Russian radio stations. In January, 1920, 
Mr. Ugloff used a multi-step amplifier for the amplification of 
speech drawn from wire lines. Such a Joud-speaking telephone 
system has been used with great success in various parts of Mos- 
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cow for propaganda purposes. Engineer R. W. Lwowitsch in the 
radio factory at Odessa has produced a direct indicating wave 
meter, with constant capacity and variable inductance of the 
variometer type and various other pieces of apparatus. Mr. 
Mintz has developed а method for receiving on open transmitting 
antennas as an emergency proposition. The engineers at the 
National Experimental Electro-technical Institute at Moscow 
have constructed an apparatus conceived by the author for 
measuring the decrement of received electromagnetic waves. 
This has been produced in two forms, the first of which uses а 
double coil antenna without any telephone shunts, and the second 
uses à simple coil antenna with variable shunts across the tele- 
phones. 

Professor Petrowski and W. F. Mitkewitsch and Messrs 
P. P. Schilowski and O. A. Pawlinow have devised a form of 
tone signal radio station, the tone of which is definitely fixed by 
resonance to a low frequency, and the receiving system of which 
is based on a new optical arrangement. The same investigators 
have indicated а number of possibilities in the application of 
this system. Mr. S. J. Trojanski has carried on researches rela- 
tive to the resistance of antennas and receivers as well as meas- 
urements on the magnetic fields in Poulsen arcs. His work has 
been practically applied in the design calculations of large Poulsen 
arc transmitters. Engineer N. N. Ziklinski has-produced an 
apparatus for capacity measurements. The novelty to this 
apparatus consists in the use of two branches which enable the 
balancing of the entire system by the use of portions of a normal 
double condenser of variable capacity which is connected in 
both branches. Mr. A. F. Schorin had given methods of con- 
structing special radio apparatus for the determination of geogra- 
phical location using electromagnetic waves as early as 1918. 
The circuits are enclosed in a small cabinet which contains a 
receiver, amplifier, relay, and a chronograph with three pens 
which is driven by a small electric motor. Using Mr. Schorin’s 
apparatus, the time signals from the radio station at Nauen 
were recorded, and by employing further amplification the time 
signals of the other large West European and Russian radio 
stations were also recorded. 

In the field of high speed telegraphy, an invention made by 
Mr. A. F. Schorin at the end of 1917 has found wide application 
in Russia. At that time the German press messages from the 
station at Nauen were recorded on an ordinary Morse inker in 
the General Staff Headquarters in Petrograd, 30 kilometers (19 
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wiles, from the receiving station where the signals has been re- 
coped, 

At the beginning of 1919. Mr. А Е. Schorin undertook some 
неве between the stations at Det-koe Selo and Moscow. 
инна; from Nauen and Paris had been recorded in Moscow at 
бану high speede with Wheatstone recorders. Similar investi- 
vations were carried out. using Hughes apparatus. By the end 
of (921, the inventor had worked out all details of a process which 
was suitable for use with the apparatus of Hughes. Wheatstone. 
Beal, and Siemens, Successful tests of high-speed operation 
were earned on between Moscow and Nijni-Novgorod in 1922. 

Mir. W. N. Tejch presented a paper in 1919 before a meeting 
of the Russan Institute of Radio Engineers relative to the 
canployinent of sinall output relays for wire telephony and teleg- 
арыу. Mr. A. T. Ugloff employed vacuum tubes for the amplifi- 
cation of wire line telephone signals at the Military Radio Depot 
in Kasan, and also carried out multiplex telephony along iron 
wires over distances up to 600 kilometers (375 miles). Since the 
end of 1920 much work has been done in Russia in multiplex 
telephony on wires, using vacuum tubes. As is well known, the 
methods used involve the transmission of electromagnetic waves 
along the conductors. In this way it becomes possible to send 
several conversations over one wire. In the recent researches 
in 1921 in the Moscow Radio Laboratory of the Feeble-Current 
Organization. (“Trust”), Messrs. P. W. Sehmakow and G. А. 
lsupriinow carried out simultaneous conversations on а two- 
channel artificial cable circuit which was the equivalent of 250 
kilometers (156 miles) of open wire, having a diameter of 4 milli- 
meters (0.16 inch). Thus six conversations were transmitted at 
radio frequency and two at audio frequency. To prevent in- 
ductive disturbanees, several eleetrieal filters were used which 
transinitted frequencies up to 4,500 cycles without disturbing 
speech. Professor W. J. Romanow is working in the same field 
employing, however, only audio frequencies for the simultaneous 
transinission of several conversations. Professor Tschernischoff, 
W. D. TeikowJen, and Professor W.J. Kowalenkoff have devel- 
oped methods for multiplex. telephony along the high tension 
lines of the Moscow power plants, for example, for connecting 
the newly erected. power plants at Schatursk and Moscow over 
the high tension lines. 

Professor W J. Kowalenkoff has also carefully worked out with 
much inventive skill à number of methods of using vacuum tubes 
on wire lines, in particular in connection with telephony. Mr. 
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А. J. Kowalenkoff built a successfully operated radio telephone 
set for airplanes in flight in 1921. The first tube sets for this 
apparatus were constructed and tested by Mr. L. J. Sapelkoff in 
the Odessa Aerodrome in 1917. 

8. In the field of radio television, various plans have been 
tried out in Russia but without practical success in any case. 
Mr. А. M. Kokurin, a student at the Technical High School in 
Moscow, applied in 1920 for & patent for the radio transmission 
of photographs. This inventor utilizes two antennas at his 
transmitting station, one of which sends the synchronizing sig- 
nals while the other sends the actual pictures. Synchronization 
of the luminous points at the transmitting and receiving stations 
` 18 obtained thru а successive shifting mechanism which is con- 
nected to the two antennas. Synchronization is carried out at а 
different wave length from the picture transmission. Other 
experiments in radio television have been carried out by Mr. 
L. S. Termen and Professor Kowalenkoff in Petrograd and Pro- 
fessor Bontsch-Bruewitsch in the laboratory at Nijni-Novgorod. 

Mr. С. A. Solotowski, engineer, made public in 1921 all the 
details of a method for guiding ships thru narrow channels by 
means of submerged cables carrying electric currents. His 
methods were to send alternating currents thru а cable on the 
bottom of а channel and to provide the ship with a loop direc- 
tion finder. 

In the above brief description, it has been attempted to show 
the work which the Russian radio engineers have been carrying 
on during the last four years. Many of these investigations 
have been published in the journals “Radio Telegraphy and 
Telephony" and “Radio Engineering," and have thus become 
widely known in Russia. The latter periodical was suc- 
ceeded in 1921 by the journal “Communication Engineer- 
ing." “The fact that since 1917 there have uninterruptedly 
appeared in Russia two periodicals in the field of radio cn- 
gineering, one of scientific nature and one of popular type, 
and this during а time when all other technical periodicals 
suspended publication, is an indieation of the great interest 
which the field of radio communication has excited in Russia. 
The organization and conduct of these journals, published in 
Nijni-Novgorod, are under the direction of Professor W. K. 
Lebedinski. It is owing to his vigorous work and conscientious- 
ness, as well as his interest in the entire field, that during the last 
five difficult years in which Russian scientists have been com- 
pletely isolated from the remainder of the world, there has ap- 
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peared an important journal containing information of value to 
all the Russian radio engineers. 
| Valerian Bashenoff, 
Gegarinsky perenlok 23, lodg. 28, 
Moscow, Russia. 


SUMMARY: The organization of the radio engineers of Russia and the 
relationship of the Institute of Russian Radio Engineers to other scientific 
organizations 1s described. The work of the Russian engineers since 1917 in 
a number of fields is summarized, with particular reference to vacuum tube 
amplifiers, low and high power transmitting tubes, portable stations, oscil- 
lograph measurements, radio frequency alternators and frequency multipliers, 
high power Poulsen arcs, directional reception, radio direction finding, radio 
centralized operation, broadcasting, precision measurements, high speed 
telegraphy, multiplex telephony along wires (guided radio), and pilot cables. 


SIGNAL-TO-STATIC-INTERFERENCE RATIO IN RADIO 
TELEPHONY* 


Bv 
JOHN R. Carson 


(DEPARTMENT OF DEVELOPMENT AND RESEARCH, AMERICAN TELEPHONE AND 
TELEGRAPH COMPANY, NEW YORK) 


A criterion of fundamental importance in radio transmission 
is the ratio of the energy levels of the signal and of interference. 
The object of this note is to discuss the signal-to-static-interfer- 
ence! ratio in two systems of radio transmission described in a 
recent issue of these PROCEEDINGS. The first system is known 
as single side-band transmission and is characterized by the trans- 
mission of only one side-band, the other side-band and the un- 
modulated carrier being suppressed. In the second system, both 
side-bands are transmitted, either with or without the carrier; 
both cases will be discussed. 

In the propositions stated and discussed below, comparison 
is made on the basis of equal total energy transmitted or radiated 
from the sending stations. 

I. The signal-to-static-interference ratio in double side-band 
transmission with carrier suppression ts equal to that in single side- 
band transmission, if and only if, in the double side-band system (1) 
over-all transmission ts effected without appreciable phase distortion 
of the component frequencies, and (2) a local demodulating carrier 
or homodyne wave is provided at the receiving station which is 
exactly synchronous as regards both phase and frequency with the 
original carrier. Neither of these requirements ts imposed on the 
single-side-band system. 

Both the requirements imposed on double side-band trans- 
mission in the foregoing proposition are necessitated by the fact 
that the equality of ratio presupposes that the two side-bands, 
` * Received by the Editor, Мау 4, 1923. 

! The word sfatic is used in a generic sense to cover random and irregular 
interference, such as atmospherics, as distinguished from the interference from 
another station. 

? "Relations of Carrier and Side Bands in Radio Transmission,” R. V. L. 
Hartlev, PROCEEDINGS OF THE INSTITUTE OF Rapi ENGINEERS, February, 


1923. This paper should be consulted for a description of the systems of trans- 
mission dealt with in the present paper. 
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after demodulation, come into exaet phase. Under these cir- 
cumstances the low frequency energy in double side-band trans- 
mission 1s twice that in single side-band transmission on the basis 
of the same transmitted energy. The mean interference energy, 
however, in the former system is twice that in the latter owing to 
the fact that the receiving system must receive a frequency band 
of double width.? Consequently the ratio is the same in the two 
cases. 

The foregoing statement may be explained as follows. In the 
radio frequency receiving circuits, the signal energy is the same 
in the two systems of transmission. The interference energy, 
however, in double side-band transmission is twice that in single 
side-band transmission on account of the necessity of receiving 
a frequency band of double width in the former case. Conse- 
quently the possibility of obtaining equality of signal-to-inter- 
ference ratio in the audiofrequency circuits dependson demodulating 
the radio-frequency signal in double side-band transmission with 
double efficiency as compared with the interference. At first 
glance this might seem impossible; however, an examination of 
the problem shows that this can be accomplished provided the 
corresponding frequencies in the two-side-bands and the local 
and original carrier are so related in phase that the corresponding 
frequencies coalesce into a single frequency of double amplitude 
in the audio frequency side of the demodulator. This result, how- 
ever, depends strictly on the requirements stated in proposition I. 
With phase or frequency fluctuation of the local carrier, the signal 
and interference are demodulated, on the average, with the same 
efficiency, giving a signal-to-interference ratio in double side- 
band transmission just 14 that of single side-band trans- 
mission. 

A brief consideration, however, will serve to show that the 
requirements imposed on double side-band transmission with 
carrier suppression for equality of signal-to-interference ratio are 
unrealizable in present-day practice and that consequently the 
inferences to be drawn from the preceding proposition as regards 
the possibilities of double side-band transmission are erroneous 
in their practical implications. As regards the first requirement, 

з This statement can be established in a very general way without any 


assumptions regarding the impulsive character of static. A theoretical inves- 
tigation of the problem will be published shortly. 


4 To guard against possible misunderstanding on the part of the reader, 
it should be clearly understood that the requirements stated above have to do 
with energy relations. It is not implied that апу sueh severe requirements 
are imposed on double side-band transmission in order to have satisfactory 
transmission of signal. 
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over-all transmission without appreciable phase distortion, no 
data are at hand to estimate the magnitude of this effect. Some 
rough calculations of wave transmission over sea water make 
it appear probable that the phase distortion would be small. On 
the other hand, it would seem probable that the over-all phase 
distortion, including that occurring in the terminal apparatus 
might be appreciable in long distance transmission. However, 
it is theoretically possible to introduce phase-correcting circuits at 
the receiving station, so that the first requirement, theoretically 
at least, can be satisfied. 

As regards the second requirement, phase and frequency 
synchronism of the demodulating carrier, the case is different. 
The only known means of securing this synchronism is by trans- 
mitting some of the original carrier. This, however, requires 
that some of the total transmitted power, in the case of double 
side-band transmission be assigned to the unmodulated carrier. 
This is not necessary in single side-band telephone transmission 
where, as discussed in the Hartley paper, phase distortion intro- 
duces no loss in signal energy and inappreciable loss in quality. 
In fact, an asynchronous homodyne can be employed.$ 

In view of these considerations the following propositions, 
rather than proposition I, correctly represent the actual possibil- 
ities of double vs. single side-band transmission. 

II. The signal-to-interference ratio in double side-band trans- 
mission with carrier suppressed is one-half the corresponding 
ratio in single side-band transmission, when account is taken of 
the phase and frequency variations from synchronism of the local 
carrier or homodyne wave. 

III, The signal-to-interference ratio in double side-band trans- 
mission with carrier transmitted is 1/(1 +c) times the corresponding 
ratio in single side-band transmission, where c is the ratio of the 
unmodulated carrier energy to the side-band energy in the former 
system. 

In the case considered in proposition II, account is taken 
of the fact that the local demodulating carrier or homodyne is 
inevitably subject to asynchronous variations, that is, departures 
as regards phase or frequency from the original carrier. "This 
produces on the average a reduction of demodulated signal energy 


5 Whether energy is transmitted at the original carrier frequency or at 
some other frequency from which the carrier is derivable is ые to the 
present argument. The essential point is that energy must be transmitted 
in addition to the energy of the side-bands. 

6 As stated by Hartley, the case is different in telegraph transmission. 
The conclusions of this paper, as indicated by its title, are limited to telephonic 
transmission. 
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"his gain is made possible not only by the narrower transmission 
Daud required, but by the fact that it is possible to employ ап 
as\achronous homodyne wave. ` 


Department of Development and Research, 
American Telephone and Telegraph Company, 
Мау 1, 1923. 


SUMMARY: Several general propositions are stated relative to the signal-to- 
Static ratio, in single and double side band transmission, indicating a supe- 
nonty in practice for the former system. 


VACUUM TUBES AS POWER OSCILLATORS* 


PART I 


By 
D. C. PRINCE 


(RESEARCH, LABORATORY, GENERAL ELECTRIC COMPANY, SCHENECTADY, 
New YORK), 


FOREWORD 


The following discussion is an attempt to reduce power oscil- 
lator design to an engineering basis comparable with that upon 
which the design of motors and transformers now rests. In 
doing so, explanations are offered for many of the auxiliary 
disturbing phenomena. | 

By their nature, electron and high frequency phenomena 
cannot be directly measured and observed, so that the auxiliary 
phenomena especially must be explained by setting up hypotheses 
and then trying experiments which would be expected to produce 
certain results if the hypotheses are correct. Since an indefinite 
number of other hypotheses might produce the same result, 
it must be frankly admitted that some of the points raised border 
on speculation. In publishing this paper, it is the author's hope 
that evidence in confirmation or rebuttal may be brought out 
with a view to removing the subject as far as possible from the 
realm of uncertainty. 

Ап attempt has been made to treat subjects which have had 
little or no discussion in the past, rather than to cover all uses of 
vacuum tubes. With the exception of Chapter VI, the discus- 
sion is limited to free oscillating circuits. In Chapter VI the 
forced circuit is touched upon merely to show how the same 
general methods of analysis may be used to determine the effect 
of the driven circuit upon the efficiency апа output. These 
phases are most important in the free oscillator and have not 
been exhaustively treated in discussions of the forced oscillator. 

The tests upon which this paper is based were made by Mr. 
F. B. Vogdes and Mr. A. Schmidt, Jr. The paper in its final 
form was prepared by Mr. Vogdes and edited by Mr. E. W. 
Kellogg. I wish to thank these men for their able assistance. 

*Received bv the Editor, March 15, 1923. 
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CONTENTS 


CHAPTER I 
An exact method is developed whereby the performance of 
a vacuum tube as an oscillation generator can be determined, 
together with the required voltages which must be impressed 
upon the different members to secure such results. Starting 
and blocking are discussed. 


CHAPTER II 
An approximate method is developed whereby the effect 
of varying factors, such as space charge, voltage, and so on, 
can be more readily determined than by the laborious exact 
method of Chapter I. 


CHAPTER III 
Based on the conditions required for the tube as developed 
in Chapter I, the design of a single tuned circuit is developed. 
Criteria are established for selecting the value of induc- 
tances and capacities thruout the circuit. Conditions for 
intermittent oscillation are discussed. 


CHAPTER IV—Chapters IV and V will appear in the August PRo- 
CEEDINGS 

The design of a partially tuned plate circuit is developed. 

The procedure is characteristic of the methods which may 

be used in a large variety of circuits which depend upon one 

inductance and capacity to establish the frequency, but 

which have other inductances and capacities coupled to the 
main circuit. 


CHAPTER V 
The operation of vacuum tubes in doubly periodic circuits 
is developed. The criterion for double periodicity is simply 
derived. Methods of controlling. oscillations in doubly 
periodie cireuits are suggested. 


CHAPTER VI—Chapters VI, VII, and the Appendix will appear in 
the October PROCEEDINGS 
The influence of the receiving circuit on the efficiency and 
output of a vacuum tube power amplifier is discussed. 


CHAPTER VII 
The methods of Chapter I are applied to circuits in which 
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the plate voltages аге not sinusoidal. It is shown that 

efficiencies and outputs may be considerably increased by 

circuit arrangements which give special wave form. 
APPENDIX s: 
A brief comparison is given showing the correspondence 
between theory and observation affecting emission, space 
charge, and amplification constant. "The division of pri- 
mary and secondary electrons between grid and plate is 
discussed. 


CHAPTER I 
VACUUM TUBES AS POWER OSCILLATORS 


The purpose of this discussion is to develop the process of 
calculating the performance of a power oscillator from its char- 
acteristic curves. The first part will be restricted to sinusoidal 
wave forms found in simple circuits. The fundamental relations 
are as follows: Referring to Figure 1, let: 


— —— € —— x — — — 
— — — — — 0 


MA e —- 
| 1^ | | N Bias(B) 


eg G 


Figure 1—Potential and Current Relations for a Pliotron Oscillator 
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X = Direct current impressed plate potential in relation to 
filament. 
€» — Instantaneous plate potential in relation to filament. - 
їр = Instantaneous current to plate. 
€; = Instantaneous potential, grid to filament. 
1; — Instantaneous grid current. 
Then 
X 1 = Instantaneous input to plate. 
€p 1р = Instantaneous plate loss. 
€gig = Instantaneous grid loss. 


€p lp te, 1; = Total instantaneous tube loss (1) 

(X —ep) ip — eo i, = Instantaneous net output (2) 

aS г ч — €e _ Instantaneous efficiency (3) 
р x 


The foregoing instantaneous values must be integrated over 


a complete cycle to secure average values: 
2* 
X ip dÜ = average input (4) 


0 


f (X —ep) 1р — © ig 0 = average output (5) 


‘29 
(X —€p) Їр — €g 10 dé 
Ј 0-05-69 = = average efficiency (6) 
f X ip d0 


The foregoing relations are quite independent of tube char- 
acteristics, frequencies, and wave shapes. Tube characteristics 
cannot readily be expressed by equations of the characteristic 
curves because they are divided into zones which follow different 
physical laws. For amplification purposes, operation is usually 
restricted to a small part of one zone where one law holds, but 
the amplitude of sustained oscillations is determined by the 
passage from one zone to an adjoining one. "This will be clear 
by reference to an actual set of static characteristic curves. 
Figure 2 is such a set of curves taken from a General Electric 
Company one-kilowatt tube. Below 10 volts, the current 
is approximately proportional to the 5.2 power of the voltage. 
The exponent drops gradually to 3 2 above 10 volts, then be- 
comes unity about.250 volts, and later becomes negative. How- 
ever, by making use of the characteristic curves directly, integra- 
tion may be accomplished by steps. That is, a^series of points 
in the cycle may be selected, and inputs and outputs so obtained 
may be averaged over a eycle. 
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No measurable lag exists in the movement of electrons, so that 
frequency is unimportant except as it affeets the circuits asso- 
ciated with the tube. 


| 
— 600 Volt 
41 Plate 


0 199 200 300 400 500 600 700 
Grid Voltaqe 


Figure 2—Characteristics of UV-206 Pliotron Number 7,621 


In performing step by step integration, the five variables, 
X, ер, ед, tp, ig, must be determined. The procedure is as 
follows: 

X 1s the direct impressed voltage for which the tube is de- 
signed—in this case 10,000. 

ep cannot be defined in general terms. In an oscillator of 
reasonably low losses, the induced voltages may be assumed 
sinusoidal with very slight error. The wave form is, therefore, 
known, but not the amplitude. Let ''A".denote the amplitude. 
The sinusoidal term of e; is superimposed upon the impressed 
direct potential. 

eg is induced by the same flux as ep, and is, therefore, of the 
same shape. From equation (5), positive output is obtained 
by having ep à minimum while zç is maximum. That is, ep and 
1 are 180? out of phase. But г and eg are in phase. (See char- 
acteristics, Figure 2), therefore ep and eg must be 180° out of 
phase. Amplitude and axis of eg are unknown. Let “С” and 
“B” represent these values. 

ip and ту are read directly from the characteristic, if ep and e; 


are known. 
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The general three-element tube equation is 
. ер 
= е + 77 7 
/ | о = | (7) 


from which it appears that 


e= — “ for ip =0. (8) 
р. | 
Let €» — X — A cos Û (9) 
and e= — В + G cos Û (10) 
then if 0, = Angle at which ip = 0 
— B + С cos Qu Lent (11) 


For angles greater than 9, the inputs and outputs are both zero, 
so that integration need not be carried beyond this point. Equa- 
tion (11) contains A, B, and G, which may be considered the 
independent variables. 

Let “Y” be the distance which the grid swings above the 
Zero axis. 

Then B -G-—Y and (11) may be written 


ы 74 oes = — Y +G (1— cos 0) (12) 

Now Х—А is the minimum voltage between plate and fila- 
ment and Y is the maximum positive grid potential. Inspection 
of the characteristics (Figure 2) shows that if Y 20.8 (X-A), the 
condition is approached where z, decreases and ?, increases. This 
represents a potential reduction both in output and efficiency so 
that operation should not be carried beyond this point. Another . 
way of stating this proposition is that, when an oscillator is start- 
ed, the oscillations continue to increase in amplitude until the 
circuit losses balance the output. This point has been esti- 
mated by inspection to occur when the maximum grid voltage 
is 80 per cent of the minimum plate voltage. "That this assump- 
tion does not involve any great error may be seen from the fol- 
lowing considerations. Referring to calculated point (Table II), 
an increase of 2 per cent in plate induced voltage would be 185 
volts. The corresponding increase in grid volts would be 18. 
The resulting minimum plate and maximum grid voltages are 
then 565 and 618, respectively. For this condition the grid re- 
ceives most of the emission current and the plate practically 
none (see characteristic, Figure 2). The output would, therefore, 
be greatly reduced and the tube would be unable to sustain the in- 
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creased loss involved in the wider amplitude of oscillation. Since 
the output is reduced for an increase of less than 2 per cent in the 
alternating current plate voltage and is obviously reduced for any 
reduction in plate voltage, it appears that the assumed values are 
very near to the point of stable operation. A selection of A then 
determines Y and an added selection of 0, determines G. We 
have then two independent variables, A and 9,, to which a series 
of values may be assigned and the performance of the tube in- 
vestigated. 

To facilitate this work the form shown in Table I has been 
prepared with the instructions for filling in each line. Table 
II is a sample calculation of one operating point using this 
form. Lines A to K inclusive are used only once for a given 
pair of values of maximum grid and minimum plate volts. 
Lines L to S must be filled in separately for each operating 
point. 


| T эр"? t (X-Z)(1-cos Ө) 
х 
bls 1 
ARIE: = 
G VS “ep, 
| {Bias 
eq 
FIGURE 3 


The nomenclature has reference to Figure 3. With the 
one-kilowatt tube for which characteristics are given, the plate 
and grid current families are so compact that they can be 
combined into one and extrapolated with reasonable ac- 
curacy. This was done in Figure 4, to permit calculation of 
points using minimum plate voltages as high as 1,000. The 
momentary tube losses represented by a plate potential of 
1,000 and grid potential of 800 are so high that no static 
characteristic readings could be taken in that region. The ideal 
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method of taking characteristics is with an oscillograph, since 
this permits momentary currents and voltages to be recorded 
without damage to the tube. 


12 100 200 , 400 500 600 700 
Grid йз + j Plate Voltaqe 


Figure 4—Extrapolated башагы а of Pliotron 
-206, Number 7,621 


. Figure 5 shows the result of calculating points for three values 
of minimum plate potential with varying 0,. Since 0, of itself 
is of no interest, the values have been plotted against output 
instead. The output of the tube is limited by heating of the 
plate which in this case may safely dissipate 350 watts. Out- 
puts of 1,080, 1,195, and 1,215 may thus be obtained within the 
capacity of the tube by the adjustments indicated. It would 
appear that the efficiency curves and loss curves should cross #4 
the same outputs. The reason that they do not is that gnd 
leak bias losses are included in efficiency determinations, altho 
they do not contribute toward tube heating. 

It is apparent that for still higher minimum plate voltage. 
the watts output at 350 watts loss would ultimately be less than 
that for 1,000 volts minimum plate. The optimum conditions for 
maximum output are, therefore, in this neighborhood, altho con- 
siderable latitude is permitted without loss of output. Since 
these values are not functions of frequency, they form the basis 
for the design of practically any oscillating circuit in which these 
tubes are operated at 10,000 volts. 

The performance of other tubes or of the same tube at other 
supply voltages and filament currents are similarly obtained. 

2х2 


mw x" W = ی‎ Ар man و‎ илы. „ылыы = 
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It is apparent from Figure 5 that the adjustment which will 
give the greatest output is not necessarily best for a lesser out- 
put. Ап envelope can be drawn so as to include the points of 
minimum loss for any particular output. Such information can 
be plotted up and used as а basis for selecting the proper circuit 
constants for any set of conditions. This has been done in 
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FIGURE 5—Calculated Efficiency and Loss in a UV-206 
Tube at 10,000 Volts Direct Current 


Figures 6 and 7. The corresponding loss-efficiency curves for | 
15,000 volts are shown in Figure 8. Having decided. upon the 
desired power, the circuit constants may be taken from Figures 
6 or 7, and the loss and efficiency from the other curves. 


STARTING PROPERTIES 


With a tube of known performance, it is not ordinarily neces- 
sary to make an investigation to determine whether oscillations 
will start automatically. In special cases, however, it may be 
desirable to verify this point. Suppose it is necessary to deter- 
mine whether oscillations will be self-starting for the point 
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calculated above. Immediately after closing the switch, the 
plate potential is the full direct impressed voltage or 10,000. 
volts. The grid is at zero. Figure 9 shows this portion of the 
characteristic. Any transient disturbance such as the closing 
of the switch will start a small circulating current in the oscillator 
circuit. This will induce voltages which will be divided between 
plate and grid in the fixed ratio determined by the connections 
to the oscillating circuit. For the point under consideration 
A e= —0.104 A ep. 


1600 


0 
0 200 400 600 800 1000 1200 1400 
Output (Watts 


Figure 6—Calculated Optimum Operating Conditions 
for a UV-206 Tube at 10,000 Volts Driect Current 


Values of plate current can be plotted against induced plate 
voltage maintaining the relation A e, = —0.104 Дер. To do this 
a series of plate voltages are assumed such as 10,000, 9,900, 9,800, 
9,700, etc. The difference between these values and 10,000 are 
equivalent to induced voltages in an oscillating circuit and the 
grid voltages are —0.104 times these values. Figure 10 repre- 
sents the resultant derived characteristic. By drawing a second 
axis X’ thru the current value at zero volts and referring currents 
to the new axis, any point on the curve represents volts and 
amperes, alternating current instantaneous output. Over a 
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Figure 7—Calculated Optimum Operating Conditions 
for a UV-206 Tube at 15,000 Volts Direct Current 


short distance from the origin the curve may be considered a 
straight line, the reciprocal of the slope of which is the ohmic 
resistance which would just use up the energy output of the tube. 
If the equivalent resistance of the circuit is greater than this 
amount, oscillations will start and increase until a stable point 


A ep)?. ; 
is reached. The energy consumed is Wr = E If “r” is 


increased, less energy is consumed and the surplus is stored in 
the form of oscillating energy in the circuit until increased am- 
plitude of oscillation fails to yield a sufficient increase in output 
to support the increase in losses. The equivalent resistance is the 
resistance of a multiple tuned circuit which is inversely propor- 
tional to the ohmic resistance in the parts of the circuit. In the 
case under investigation full load corresponds to a resistance of 
35,800 ohms. The oscillations would be self-starting with 8,700 
ohms, so that starting is certain. The range between 8,700 and 
35,800 is a zone within which continuous operation will over- 
heat the tube, and so is not useful, except that it represents a 
margin of safety as far as self-starting is concerned. For lower 
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impressed voltage, this margin becomes progressively narrower 
until a point is reached where oscillations will not be self-starting, 
but will be maintained if once started. "This point must be borne 
in mind when adjustments are being attempted at reduced 
voltages. А circuit in perfect adjustment will often fail to start 
at all on half voltage altho it will oscillate well if the full voltage 
is thrown on and then reduced. 
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Ficure 8—Calculated Efficiency and Loss in a UV-206 
Tube at 15,000 Volts Direct Current 


No conclusions can be drawn from Figure 10 as to the stable 
oscillations of the circuit at full amplitude. As soon as oscilla- 
tions have commenced the grid begins to bias itself negatively, во 
that the axes of this graph are no longer maintained. 


BLOCKING 


Certain tubes, even tho well designed, are subject to a phe- 
nomenon technically known as blocking. The visible evidences 
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of this phenomenon are cessation of oscillation accompanied by 
a sudden increase of plate current to a value larger than that 
which can be obtained with full voltage and zero potential on 
the grid. А high power tube is usually destroyed by blocking, 
since the energy dissipated in the heating of the plate is enormous. 
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Figure 9—Characteristics of a UV-206 Tube 


The General Electric Company’s one-kilowatt tube, which 
has been used as an example, is practically immune from block- 
ing, but the nature of the phenomenon can be studied by arbi- 
trarily extrapolating the composite characteristic (Figure 4). 
Figure 11 could conceivably apply for a plate voltage of 2,000. 
After the grid voltage passes 1,000, the grid current reverses. 
If the average current is in the reverse direction, the drop in the 
grid leak is reversed so that the axis about which the grid swings 
is positive. Now since current flows from the grid terminal 
when positive voltage is applied to it, there is the equivalent of 
negative resistance of a value e,/7, between grid and filament, zç 
being negative. If the grid leak have a value of say 18,000 ohms, 
the drop in the grid leak will be 1,250 volts for a current of 
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— 70 ma. and this drop will maintain the grid at 1,250 volts. А 
condition of equilibrium is established at “А,” but it is unstable, 
since — 80 ma. will give а drop of 1,440 volts across the resistance, 
which is sufficient to cause the flow of — 130 ma. — 130 ma. would 
give а resistance drop and hence the grid а potential of over 2,000 
volts, but at this point the current would again reverse so that 
stability is established at “B.” By drawing a tangent from the 
origin thru “С,” the minimum resistance is found for which 
stable equilibrium can be established with the grid at & posi- 
tive potential. For lesser values of biasing resistance, block- 
ing cannot take place. 
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FiGvnE 10—Oscillator Starting Characteristics at 10,000 
Volts Direct Current 


It will be noted that three simultaneous events are necessary 
to give blocking: the minimum plate voltage must be high; 
the maximum grid voltage must be high; and the grid leak 
resistance must be high. this situation is obtained if the out- 
put of the oscillator is forced by decreasing the effective résist- 
ance of the plate circuit. This reduces the amplitude of os- 
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cillation and increases the minimum plate potential. The 
operator, in trying to restore the oscillation amplitude, raises 
the grid excitation, which carries the grid beyond the potential 
at which grid cuorent begins to decrease. This reduces the 
average current, which, in turn, reduces the negative bias, 
allowing the grid to swing into a still more positive zone until 
blocking results. 
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FIGURE 11—Characteristic Curve Showing Blocking 
Condition 


By reasonable care in circuit design, blocking may be entirely 
avoided. Take, for instance, the point already calculated. The 
cireuit adjustment was such that the full plate swing of 9,250 
volts gave a corresponding grid swing of 960 volts. Since the 
plate supply is 10,000 volts, the minimum plate voltage 1s 
750. Thus, before the grid approaches a potential at which 
its current becomes negative, the plate potential is too low for 
blocking to take place. 


CHAPTER II 


APPROXIMATE THEORETICAL PLIOTRON PERFORMANCE WITH 
SINE WAVES OF PLATE AND GRID POTENTIAL 

For some qualitative analysis, vacuum tube oscillator per- 
formance may be approximated by substituting a portion of a 
sine wave for the actual current wave obtained in the foregoing 
exact method. Such a wave may be integrated mathematically 
instead of by the laborious step-by-step method. Referring to 
Figure 12: 


Let Е = Direct potential impressed upon the circuit. 

ep — Filament to plate potential. 

а= Fraction of total potential not consumed by space 
charge. 

ip = Plate current. 

I = Maximum value of plate current. 

с= Such a value that (1--c) I gives the maximum plate 
current referred to the axis about which it is sinusoidal. 

0, апа Ў = Points at which plate current curve intercepts the 

zero axis. 

ep=E (l—asinA)=E f, 0. 


Figure 12 


Since the oscillating circuit is highly tuned, it responds only 
to impulses of fundamental frequency and hence the voltage is 
а pure sine wave. For full load operation, maximum current 
must flow when the tube drop is a minimum. so that the plate 
potential does not swing lower than (1—a) E. which corresponds 
to the space charge loss. 


(са + с) sin )-15. 0 
The fundamental law is, of course, 
3,2 
1р = K (z.+ | E.) 
K. 
but with the grid potential 180° out of phase with plate potential, 
the actual resultant expression approaches closely = К E,. If 
we wish i; = К’ sin f) + K", the expression for E; may be modified 
so that this result will be obtained. With this approximation, 
it is not necessary to use step-by-step integration. 
The input of the oscillator is given by the expression 
И = Ет = Е І (-е+а+0 зіп a) 
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The tube loss is equal to the instantaneous product of current 
and drop across the tube, that is, 


Loss = E I (1—a sin 0) (-c+(tesin 2) 


Output = (1)- (2) = E I f, 0 (1—f 0) (3) 
Efficiency = (3)/(1) = EIS 
=1— fı =азїн 0 (4) 


To determine average efficiency the instantaneous efficiency must 
be weighted in proportion to the input. 


f E10 (asit) a0 


Average Efficiency = — (5) 


3 


EIf:0d0 
Ө, 


| " a sin 0 [ —c-- (1 +c) sin 0] d 0 
== (6) 


EN [—c+(1+c) sin 0] 40 


#2 
а [—сзіп 0 -- (1 +c) sin? 0] d0 
oo (7 


Ө» 
( [—c+(1+c) sin 0] d0 


0; 
al c cos 0 + (keg _ ио sin 20 
= - = T (8) 
| -e9- (1+0) zl 
01 


Since the thermionic valve has uni-directional conductivity, 
there can be no current reversal. The expression is, therefore, 
meaningless unless 0, and 0, are chosen to include that portion 
of the cycle during which current flows. During the remainder 
of the cycle there is neither input not output, so that integration 
between these limits gives the complete result. 

With the origin as shown, the following relations between the 
limits and constants exist: 


—C.. 5 sin 0, cos Ü, = — cos 0, 
l+c 


0,— 2 — 6б, sin 2 04— —sin20, 
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The complete expression can then be written: 
a 28 z—2 0) -2ccos 0, 57  sin28, (9) 
--¢ (z—2 01) +2 (1+c) cos б, 

The value “I” has been selected as a constant, because the 
maximum emission of any tube is a constant, depending upon 
filament rating. The expression for output (3) can, therefore, 
be evaluated to show the variation in output accompanying 
variations in efficiency. Equation (3) solved gives the numer- 
ator in equation (9) for E J=1. 

In Figure 13 efficiency and output as a percentage of the 
maximum are plotted for “а” = 1. 


Efficiency = 
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Fictre 13— Theoretical Efficiency of Pliotron Oscilla- 

tors. Variation with angle during which plate current 

flows, neglecting space charge and assuming current 

wave proportional, above cut-off value, to sine grid po- 
tential. Maximum plate current constant 


In Figure 14, curves are plotted for various values of “a.” 
showing efficiency. output, and loss for current flowing for dif- 
ferent fractions of the cycle. 

In order that conclusions may be drawn. the output and loss 
curves have been plotted to scales inversely proportional to 
(1—a), taking the maximum output for (1-а) = 5 percent, as 
200 for convenience. If the curves are considered as applying 
to one tube, the space charge in percent will be inversely propor- 
tional to the voltage applied, “I” remaining constant, therefore 

Output — E I f; ^ '1—f, 9j 


1 
and where Ex -- 
l—a 


The curves as plotted, therefore, represent the conditions 
encountered when impressed voltage is varied. 
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Figure 14— Theoretical Pliotron Oscillation Characteristics (Absolute Space 
Charge Constant, Impressed Voltage Variable) 


Since the tube output is limited by heating, the effect of 
voltage variation on tube output can be deduced directly. Any 
line, say “AA is drawn, representing maximum dissipation for 
a given tube. The intersections of this line with the loss curves 
are the angles during which current can be passed at differents 
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voltages. The same abscissas extended to th9 output curves 
determine the variation in output at constant heating. 

Assuming 1,000 volts space charge drop, the variation of 
output with voltage is plotted in Figure 15. "The scale of out- 
puts is based on the maximum possible output of the tube on 
20,000 volts, neglecting heating. It will be observed that the 
curve shows a slight tendency to saturate, but that output at 
constant heating is still increasing almost in proportion to voltage 
when space charge is reduced to 5 percent of the impressed volt- 
age. 
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Figure l5— Theoretical Pliotron Characteristics. Varia- 
tion of Output with voltage, maximum current and loss 
constant 


For convenience in determining the currents indicated bv a 
direct current meter in the plate circuit under the foregoing con- 
ditions, Figure 16 has been prepared. Curve “А” applies to 
currents of the form assumed in the foregoing calculations of 
oscillator efficiency, while curve “B” gives the corresponding 


aus 


figure for tubes operated аз rectifiers without smoothing 
devices. 
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FIGURE 16—Ratio of Average to Maximum for Sine Waves 


In order to obtain an idea of the grid swing required to secure 
various efficiencies where sinusoidal excitation is used, condi- 
tions have been assumed as shown in Figure 17. It has been 
assumed that, for oscillators, the grid potential will swing positive 
as the plate swings negative until the two approximately meet. 

Let ep=plate potential = E (1—a cos 0) 
eg = grid potential = E (—b+g cos 0) 
Е = direct potential impressed. 
1 —a = ratio of space charge drop to E. 
b — ratio of grid bias to E. 
g=ratio of maximum grid swing to E. 
d = ratio of current cut-off point to E. 


Ed- x = grid potential necessary to reduce current to zero. 


Since all values are expressed as ratios to E, the E 
will be assumed as unity in the following relations: 
] —a- mazimum plus grid swing 
b+1—a=7g. 
2 0, = angle during which current flows. The grid swings posi- 
tive from the point where current begins to flow by a distance. 


М=(1-а)+й=1-а+'" 


Egi жо 
g cos Ө,=0—М 
Lie a(l cos ^1) 
E ues = aT 
b=g—(1—a) 
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FIGURE 17 


The curves in Figure 18 show variations in “g” with 2 6,, the 
angle during which current flows, for а = 0.95 d р= 10 and 
= 100. For small values of б,, “g” approaches infinity, so that 
if high efficiency is to be obtained siih sine excitation, the poten- 
tial, from grid to filament may be equal to, or even greater than 
those from plate to filament. 
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FIGURE 18—Theoretical Pliotron Characteristics. Maxi- 

mum Grid Potentia] as a Function of Direct Potential 

Impressed on Plate. Grid Excitation Sinusoidal. Space 

Charge 5 percent. Maximum Plus Gnd Potential equals 
Minimum Plate Potential 


CHAPTER III 


Circuit DESIGN 
The design of vacuum tube oscillator circuits hinges on two 
points: 
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1. An oscillating circuit must be supplied in which there 
is sufficient energy stored to carry the circuit by its fly- 
wheel effect over those parts of the cycle during which 
the input to the circuit is not equal to the losses. 

2. The voltages applied to the tube must be in amplitude 
and phase of proper value as determined in Chapter I. 


SToRED ENERGY 


Consider a circuit having an inductance “L” and a capacity 
“C” and oscillating at a frequency “f” and voltage “V” with 
“W” watts loss. At a point in the cycle when the current is 
zero, the instantaneous voltage will be 4/2 V; all the energy is 
stored in the condenser and its amount is C V?. The r.m.s. cur- 
rent in this circuit is 27 / C V, and the joules lost per cycle are 
W/f. Dividing energy stored by joules lost per cycle gives: 

Energy stored СУ? fCV? 2zfCV* VI 
Energy lost рег cycle W/f W | 2zW 27W 
which shows that the ratio of energy stored to energy dissipated 
per cycle is 3l times the ratio of reactive power to watts. Cir- 
cuits having less than twice as much energy stored in them as 
they dissipate per cycle tend to be erratic in operation. Circuits 
having more than this amount of energy stored in them may have 
disproportionate resistance loss. Unless, therefore, there is some 
other determining factor, circulating volt-amperes should approx- 
mate 47 times the power. Another way of saying this is that 
power factor should not be over 8 percent, or that decrement 
should not exceed 0.25. This circulating energy has the same 
effect as the flywheel of a single acting engine and must be coupled 

closely to the plate. 

After assurance is obtained that circulating energy is ade- 
quate, oscillator design in general is only a matter of determining 
proper voltages and phase relations. For the tube which has 
already been used as an example, the rated output is 1 kilowatt 
at 10,000 volts direct current. The characteristic voltages from 
Figure 6 are: 


Minimum plate 800 volts, from which r.m.s. value 


of alternating current potential is....... 6,500 
R.M.S. Grid Volts. ..................... 1,050 volts 
Grid Biag.............................. 920 volts 
Grid Leak Resistance................... 20,000 ohms 
Loss in tube (Figure 5).................. 220 watts 


Efficleney isal Б с TO es 79.5 percent 


Suppose we wish to design a simple Hartley circuit to meet 


these conditions. The circuit is shown in Figure 19. In this 
figure: 


Lp 
f. 
C2 
Ci 
гә 
Lg 


Ficgtre 19—Hartley Circuit 


Ly = plate inductance. 

La =grid inductance. 

C; —tuning condenser. 

(a= direct current blocking condenser. 
(4= grid blocking condenser 

rg — grid leak resistance. 

rı — load resistance. 

G = direct current energy source. 


To meet the tube requirements 
6500 
1050’ 

Suppose the desired frequency to be 10° cycles, and that a 
maximum of energy is to be delivered to т. With an output of 
1 kilowatt, circulating kilovolt-amperes should be 47 or 12.5 
kilovolt-amperes. 


SES _ 6500? _ ай ТИСТИ" 
XL, = po 12500 ^ 2:280 ohms, at 105 cycles. Lp =0.538 milli 


Lp La = rg = 20,000 ohms. 


һепгу. 
1050 .,. M 
XL, = ХІ, X 6500 =545 ohms, at 10° cycles. Г, = 0.087 milli- 
henry. 
Xc, = Хі,+Хі = 3,925 ohms, at 10° cycles. С, =4.06х 10-5 
mfd. 
25 
Circulating current is с) = 1.925 amperes. 
6500 
. .. 1060 = 
The total resistance of the circuit is 1925: = 270 ohms. 


From this, if we measure the radio frequency resistance of 
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Ly, Lo, Ci, and connecting wires, rı can be obtained. Suppose 
the inductances have power factors of 1 percent, and that the 
condensers and leads have negligible loss 


т = 270 — 39.3 = 230.7 ohms. 


There is an almost infinite variety of circuit arrangements 
containing but one tuning which are solved by the same method 
as indicated above. The voltages may be obtained by self-induc- 
tion, drop across capacities or mutual effects and, so long as the 
plate and grid voltages are obtained in the proper phase and the 
circuit is not overloaded, correct operation should be obtained. 
C» and Сз are not critical. 

If the experimenter does not secure the results expected, there 
are two causes more usually encountered than others: The 
tube may not correspond to the characteristics, or the circuit 
constants may not be as they seem. "The most frequent tube 
variation is emission. If this is low, performance will not be 
obtained. If emission is high, tube life may be extended by 
lowering the filament current. Output and efficiency can both 
be increased at the expense of life by overburning the filament. 

A three-element tube is ready to function at almost any fre- 
queney. At high frequencies, inductances may perform as 
capacities if their natural frequencies are exceeded. Condenser 
leads may have more inductive impedance than the capacity 
impedance of the condensers to which they are attached. Cir- 
cuits may oscillate by parts, and so on. At high frequencies, skin 
effects increase resistance and surrounding objects may affect 
resistance, inductance, or capacity. All such parasitic phe- 
nomena must be considered or eliminated before the true per- 
formance is obtained. 


GRID PHASE ANGLE CORRECTIONS 


A discussion of circuit design is not complete without a treat- 
ment of the phenomena which make pliotron oscillators run at 
a frequency other than the natural resonant frequency of the 
circuits. The factors entering into the selection of plate blocking 
condensers and chokes also deserve some detailed analysis. 

A Hartley circuit normally operates at a frequency lower 
than that determined by the relation 


f=, -2 
2rVLC 
The reason for this is apparent from Figures 20-A, B, and can 
be calculated quantitatively. 
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Figire 20-A is a composite circuit and voltage diagram. 
© А is tbe piate voltage vector: the plate is connected st A. the 
Samen: at O. and the plate inductance between these points. 
O Bis the пісте drop in the grid œil. B С the resistance drop, 
so that OC is the grid voltage vector with the grid connected 
ar C. СА is the condenser drop. Since resistance in the plate 
eril does not affect the grid phase angle. it is left out of the 
атап. aitho its effect is obvious. 


Fictre 20-4 FIGURE 20-B 


The plate current is in phase with the grid voltage and is 
shown as tp in Figure 20-B. In this figure, r: is the current thru 
the circuit O B C A, апа г, is the current thru inductance О A. 
According to Kirchhoff's law, the vector sum of the currents at 
any point, such as O, must be zero. Therefore. the sum of ic and 
¿L must equal ip, which is ip reversed. Now, since ip has a com- 
ponent leading ep which adds to the corresponding component 
of ic, the value of ¿L must be increased, which can be accom- 
plished either by reducing the inductance of the plate coil or 
lowering the frequency. It follows that a simple Hartley circuit 
will always operate below the resonant point and that the amount 
of frequency drop can be calculated by applying numerical values 
to the vectors shown in Figure 20-B. 

By the same reasoning the operation of a Colpitts’ circuit 
can be analyzed as in Figures 21-A, B. 

As before, Figure 21-A is the voltage and circuit diagram, 
with plate at A, filament at O, and grid at C. In this case the 
component of plate current is in phase with zz so that it must 
be balanced by an increased current in the plate condenser. 
This requires either a larger plate condenser or a higher frequency 
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so that a Colpitts’ circuit always operates above the resonant 
point by an amount which can be calculated by applying nu- 


merical values to the vectors. 


FIGURE 21-A FIGURE 21-B 


The diagrams Figures 22-A, B show the effect of the plate 
blocking condenser and line choke on the operation of а Hartley 
circuit. In Figure 22-A, O A B and C have the same significance 
as in Figure 20-A. A D is the alternating current component of 
the drop across the blocking condenser. The plate is now at- 


A D 


`SS 
0 ~ 
SKRI o~ O 


FIGURE 22-A Fiaure 22-В 


tached to D instead of to A. O D is the alternating component 
of drop across the line choke. The direct current is introduced 
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between О and D, but does not appear in the diagram, which 
represents only alternating vectors. Figure 22-B is similar to 
20-B, except for the added current in the choke O D, which is 
designated z, and the change in ep, which must now be in the 
direction O D instead of O A. 

It is apparent that proper proportioning of blocking con- 
denser and choke may bring the plate voltage back into line with 
the grid voltage and plate current. Best efficiency is obtained 
by having plate voltage and current exactly 180? out of phase, 
as will be apparent by reference to Chapter I. If the 180? rela- 
tion is not maintained, the step integration must be carried over 
the entire duration of current flow and, since maximum current 
will no longer correspond to minimum voltage, the integrated 
product is necessarily larger. The line choke and blocking con- 
denser should, therefore, be included in the circuit design. 

To do this the circuit О B C А is calculated as tho choke and 
blocking condenser were not present. This circuit may be 
equivalent either to а pure resistance or to a resistance and react- 
ance in series. Let it be proportioned so that it will be equivalent 
to а resistance. The angle C О A can then be calculated and its 
supplement A О D. Since the equivalent resistance between 
A and O is known, the eapacity reactance A D is selected so 
that A D/O A —tan-! (180°—A О С). The circuit voltage is 
impressed at D and the circuit D A О will draw some leading 
current, the amount being easily ascertainable. It is then only 
necessary to choose the choke D О of such а value that it wili 
draw the same amount of lagging current. 

The procedure in arriving at the proper values of blocking 
condenser and line choke will be clearer if a numerical example 
is carried through. 

In the first place it is necessary to secure the proper grid 
excitation ratio. 

Let | E, OA 


Since О D is the plate voltage, it may be necessary to make а 
second approximation if О D is seriously different from ОА. 
Let О A=100 ohms inductance. 10 ohms resistance. 
О B= 25 ohms inductance. 
B C 22.5 ohms resistance. 
C A = 125 ohms capacity. 


Then Angle OA C sin! m =r 2r 
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If 100 volts be impressed across ОА 
iL=1, Watts in O A =71?X10=10. 


| 25 
== = с? x 
l=], Watts in BC-1?x2.5- 12.5 
; Е? 100? 
Equivalent resistance W125 = 800 ohms. We may adjust to 


have this circuit operate at the resonant point so that its react- 
ance is zero. 
By the sine rule: 
ОА OC AC 
SinC SiA SinO 


100 0.25 TE 
Sin C ~ 0.025" Sin C «0.1, C=5° 45 
Angle AOD=A+C =6° 55' 
AD=AOtan AOD 
= 800 X0.1=80 ohms capacitance. 


The total impedance D A O is, therefore, 804 ohms, so that 
the grid voltage ratio is nearly correct. If we impress 100 volts 
between D and O, the current is 


100 
su =0.124 amperes 


And the wattless volt-ampere component is 
0.124? X80 = 1.23 volt-amperes. 


In order to correct for these leading volt-amperes, the choke 
should draw the same amount lagging 


luu? 
РО = 123 = 8,130 ohms. 


If the impedance of the plate blocking condenser had been 
high, the assumed ratio between grid and plate voltages would 
not have been obtained. It would then have been necessary to 
assume an initial value somewhat larger than desired for the final 
result, proceeding by а series of approximations. However, it 
is not likely that a high impedance blocking condenser would be 
desirable for other reasons. А high impedance blocking con- 
denser corresponds to a low impedance choke which would allow 
radio frequency currents to flow in higher loss circuits and pos- 
sibly damage power generating apparatus. 

Proportioning the plate blocking condenser and line choke 
is not the only method of bringing plate voltage and current 
into the 180? relation. The angle O A C may be compensated 
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for by dephasing the grid in such а way аз to cause the oscilla- 
tions to occur at the natural resonant frequency and the plate 
current and voltage to be properly related. 

Figures 23-A and 23-B are two methods by which а Hartley 
circuit may be restored to operation at the natural resonant fre- 
quency of the circuit with proper phase relations, while Figures 
23-C and 23-D are the two equivalent methods for the Colpitts' 


circuit. 
A A + TT 
0 0 
С 6 
B G We B 
FIGURE 23-A ` FIGURE 23-B FIGURE 23-C FIGURE 23-D 


In Figure 23-A, the phasing is accomplished by connecting 
resistance C G and inductance G О in series. The grid is attached 
at G. The same result is accomplished in Figure 23-B by a re- 
sistance from O to G and а condenser from G to C. The elements 
are reversed in 23-C and 23-D to produce lag instead of lead. 

Altho grid phasing may correct the various angles, it is 
probable that adjustments of choke and blocking condenser are 
to be preferred since these devices are normally present and so 
do not constitute added complication. 


Grip Bras CONDENSER 

It will be noted that no criteria have yet been developed 
governing the choice of grid blocking condenser. Since the func- 
tion of this condenser is to pass the alternating current com- 
ponent of grid excitation without serious drop while forcing the 
direct component to flow thru the grid leak or biasing resistance, 
its value is not critical. Its value should be large enough so that 
the grid plate capacity is small by comparison. The values of 
tube capacity are normally so small that this requirement causes 
noconcern. The individual pulses of direct current should cause 
no considerable change in the bias, but this also causes small 
concern. 
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INTERMITTENT OSCILLATION 


Trouble may be encountered due to excessive capacity of 
the grid leak condenser. Since the reason for this is not apparent 
at first glance, it will be developed in more detail. The evidence 
of trouble is a falling off in input and output and the radiation 
of an interrupted wave. 


Smoothing Condenser 
(When used) 


| +400 X A) l 004 mfd 
“ка Ip rf. Choke 
Smoothing R Reactor 025 v^ UV-202 
(When used) 0 
ep = 004 mfd 
7000 = 33 
- > Micro 
š PRG 
(А) 
l6w (r f) 
C 


Figure 24—Circuit Used in Taking Films Shown in Figures 26, 27, 28 


+400 page A r E HOME 004 mfd 
i d 
тени Puv- 202 UV- 216 i 
Circuit os 0003 o 
3mfd tp ; 

-400 ir DOO le = 

R C 2 Micro 
c Henries 
. = 'o 

СУ 


FIGURE 25—Circuit Used in Taking Film Shown in Figure 29 


Oscillogram (Figure 26) shows the result of а very large grid 
condenser. This film was taken with the circuit shown in Figure 
24. The oscillations alternately build up and die out, the period 
being quite long. By reducing the condenser, the period is 
changed as shown in Figure 27. The phenomenon exists even 
when considerable care is used in smoothing out the impressed 
voltage by means of a filter, as shown in Figure 26. That the 
phenomenon is not due to resonance is indicated by the irregu- 
larities shown in Figure 28. In the foregoing oscillograms, plate 
current is used as a measure of oscillations. Figure 29 shows that 
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the actual oscillation amplitude follows the same general form. 
This was taken with the circuit shown in Figure 25. 


Со-5 8..3, 
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Circuit Shown in H- 24-821. 
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Co mmvtator ripple removed 
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FIGURE 26 


The explanation of this phenomenon 1з arrived at as follows: 
Referring to Figure 30, let the ratio of alternating current plate 
and grid volts, and other adjustments be constant. If we then 
assume a constant bias in volts, the tube output forjny ampli- 
tude of oscillations can be calculated directly b7‘the method 
developed in the first chapter. Several such curves are plotted. 


co-ssiiz. 
n n P ies 

! [Intermittent Operation of 

e, Circuit Shown in H- 94821. 


| Grid leak - .128mf4 & 34 soo w. 
ep PA OS. “tgs |2 m.a. Cav.) 


ta? 2.4 m4.(av.) Las 1,6 amp. (r...) 


Commutater ripple removed 
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FIGURE 27 


The resistance loss in the circuit is a square curve and is also plot- 

ted. An intersection between tube output and circuit loss rep- 

resents a point of equilibrium. If a decrease in oscillation ampli- 

tude causes the tube output to become higher than the losses, the 

point is stable. If the reverse is the case, it is unstable. By de- 
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termining the grid current for various points on the curves of 
output at constant bias, the corresponding leak resistances can 
be determined. These points may be joined by curves repre- 
senting output variation with change in oscillation amplitude 
at constant leak resistance. 


Intermittent Operation of 


Cirevit Shown in H- 94821. 
Grid leaX--.12$ mf: 4 39 $09w 
Cpt 410 v bpt 15 т.а, Cav.) 

La ° 215 ma, Cav.) bot 2.9 amp.(r.m.s) 


Sto» oth ye, of Ето ТЬе ripple 


$5 FIGURE 28 


There is а value of bias such that the bias curve and the loss 
curve are tangent as at C. A greater bias cannot be used as there 
are no intersections and hence no points of equilibrium. 


с0-581! 4. 
intermittent O peration of 
Circuit Shown în H- 94.921. 
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Cp: 400 ч. be: VL m.a, Cav.) ` 
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Smoothing Circuit in "Power Source. 


FIGURE 29 


Thru any point as A or B on the loss curve two lines can be 
drawn, one representing the direction of output variations at con- 
stant bias and the other the output variation at constant leak re- 
sistance. If a fixed bias is being used, the equilibrium test must 
be applied to the fixed bias line. If resistance bias is being used, 
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the test is applied with reference to the constant resistance line. 
The grid blocking condenser tends to hold constant bias, there- 
fore with a large condenser, operation as far as equilibrium is 
concerned, approaches a constant bias line. 


16 


14 


12 
Constant 
istance 


10 


Net Tube Output (Watts) 
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FIGURE 30—Curves Showing Grid Circuit Stability of a UV-202 
Tube Assuming Alternating Current Plate Volts are 1.7 Alter- 
nating Current Grid Volts and Direct Current Plate Volts are 350 


For a small grid condenser, the constant resistance line is more 
nearly the criterion of stability. It is apparent that in the 
region from С, in the direction of point А, stable operation is 
obtained with either constant resistance or constant bias. In 
the direction B, constant bias operation is unstable. while con- 
stant resistance operation is still stable. 

Best operation, especially for a highly efficient tube. is very 
likely to fall in the € B zone so that stability requires а grid 
condenser small enough to cause the slope of the resultant curve 


for the rate of amplitude variation likely to take place to be less 
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than the slope of the loss curve. The condition is also frequently 
observed in regenerative receiver sets. 

Having established a condition of either instability or a very 
narrow margin of stability, equilibrium may be disturbed by а 
large number of causes, including generator ripple, line regula- 
tion, keving, and the like. The cycle followed is somewhat as 
follows: Assuming the 20,000-ohm value of grid leak, the tube 
starting with zero bias will build up both oscillations and grid 
bias until equilibrium is reached at 7.3 watts output and approxi- 
mately 50 volts bias. If the grid condenser is small, the operation 
will be stable. If the condenser is large, any momentary dis- 
turbance will shift the operating point up or down on the 50- 
volt bias line, the condenser tending to hold the bias constant 
over a brief interval. If it shifts down, the tube output becomes 
less than the circuit losses, and the oscillations die out. The grid 
condenser then discharges thru the leak until the bias is low 
enough for oscillations to start again. The cycle is then repeated. 


(To be continued) 


SUMMARY —Chapter I. The performance of an oscillating pliotron is 
determined by accertaining at intervals of a few degrees the instantaneous 
plate loss, grid loss, input, and so on. These values are then averaged over 
the cycle to determine tube output and efficiency. By performing this opera- 
tion with a variety of plate and grid voltages, the optimum conditions for a 
given output are obtained. In this way a combination of plate and grid 
voltages and grid bias is obtained which is independent of frequency and can 
be used for the design of any free oscillating circuit where sinusoidal plate 
and grid voltages are obtained 180 degrees out of phase. It is shown that the 
conditions of starting of oscillations can be obtained by assuming zero grid bias 
and determining the circuit resistance which will just absorb the tube output 
for small amplitude oscillations. The phenomenon of ''blocking" is shown 
to be due to secondary electron emission from the grid. By knowing under 
what conditions this secondary emission takes place the circuit may be so . 
designed that all will not occur simultaneously. 

Chapter II. For qualitative investigations of vacuum tube performance 
the plate circuit is assumed to be a portion of a sine wave. This permits 
mathematical integration to be substituted for the step-by-step integration 
of the first chapter. By using the mathematical form a qualitative investiga- 
tion of the effects of space charge, variations in plate voltage and other fac- 
tors can be made. Where a bird's-eye-view is required this method gives 
much quicker results than the exact method. 

Chapter III. In this chapter it is shown how simple circuits may be de- 
signed from data determined by the methods of Chapter I. A resonant cir- 
cuit is selected in which a circulating current will build up a voltage equal to 
or greater than that required for grid plus plate excitation without absorbing 
more than tube output in resistance loss. The circulating voltamperes should 
not be less than 47 times the watts. Having met these requirements, the 
plate, filament, and grid are attached either to the inductance or capacity 
in such a way as to give the proper voltage division. Some phase displacement 
of grid excitation from 180 degrees may occur. Connections are given by 
which the grid phase can be corrected to exactly 180 degrees. The proper 
selection of chokes and blocking condenser may correct such displacement. 
Too large a grid condenser may cause intermittent oscillation. The mechanics 
of this phenomenon are described in detail because of its occurrence in regen- 
erative receivers. 


313 


Digitized by Google 


DIGESTS OF UNITED STATES PATENTS RELATING ТО 
RADIO TELEGRAPHY AND TELEPHONY* 


IssuED FEBRUARY 27, 1923—APRIL 17, 1923 
By ° 
JoHN B. Brapy 


(PATENT LAWYER, Ouray BUILDING, WASHINGTON, D. С.) 


1,446,650—B. Macpherson, filed October 22, 1919, issued Feb- 
ruary 27, 1923. Assigned to Wireless Specialty Apparatus 
Company. 

ELECTRICAL CONDENSER, comprising alternate sheets of foil 
and dielectric with pressure plates upon opposite ends of the stack 
and resilient strips, or bands of insulating material extending 
around the pressure plates whereby the band may be placed 
under tension to maintain the alternate sheets of the condenser 
in intimate contact. 


1,446,752—B. W. Kendall, filed December 29, 1916, issued Feb- 
ruary 27, 1923. Assigned to Western Electric Company, 
Incorporated. 


NuMBER 1,446,752—Generator and the Generation of 
Multiple Frequencies 


GENERATOR AND THE GENERATION OF MULTIPLE FRE- 
QUENCIES, by distortion of the wave form of the fundamental 


*Received by the Editor, May 10, 1923. 
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frequency and by selecting the overtones or multiple frequencies 
present in the distorted wave for various uses, such as carrier 
waves in multiplex signaling. An electron tube generator is em- 
ployed and continuously overloaded to produce a distorted wave 
comprising the desired harmonics which are selected and amplified 
for delivery to separate signaling channels. 


1,446,890— L. Espenschied, filed June 7, 1918, issued February 
27, 1923. Assigned to American Telephone and Telegraph 
Company. 


NUMBER 1,446,890—Radio Receiving Apparatus 


RADIO RECEIVING APPARATUS arranged for eliminating or 
minimizing the effects of static disturbances. The invention 
proposes to avoid such disturbance by changing or diverting 
the disturbing energy into a plurality of frequencies other than 
that of the energy to be transmitted ot into а band or frequencies 
of considerable extent so that, even tho the frequency being 
transmitted falls within its scope, only а small proportion of the 
disturbance reaches the translating or indicating devices of the 
system. This is accomplished by employing a wave filter form 
of antenna as illustrated in the cut. 


1,447,165—F. A. Kolster, filed January 30, 1919, issued February 
27, 1923. | р | 
RADIO METHOD AND APPARATUS, in which a closed loop cir- 
cuit and an antenna circuit are used for reception of transmitted 
energy from a signaling station and arranged to combine the 
received currents to produce а uni-lateral characteristie for 
observing the direction of the transmitting station. 


1,447,204—L. Espenschied, filed September 30, 1919, issued 
March 6, 1923. Assigned to American Telephone and 
Telegraph Company. 
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NUMBER 1,447,165—Radio Method 
and Apparatus 


Oscillator 


NUMBER 1,447,204—Plural Modulation and Demodula- 
tion Circuits 
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PLURAL MODULATION AND DEMODULATION Circuits, for use 
in multiplex radio systems. It is proposed to generate at the 
sending station a fundamental frequency and produce har- 
monics of this fundamental frequency. The lower harmonies 
are then used as carriers for the first step of modulation and a 
higher harmonic is used as the carrier for the second step of modu- 
lation. At the receiving station either of two things may be done: 
A fundamental frequency may be independently generated at 
the receiving station and harmonics may be produced from this 
fundamental, one of the higher harmonies being used for the first 
step of frequency translation and lower harmonics used for the 
final step of frequency translation. By this scheme all of the 
channels at each station are definitely tied together. since they are 
related to a fundamental frequency, and it is a matter of relatively 
simple adjustment to maintain the fundamental frequency at 
the sending and receiving station the same. An alternative 
expedient is to detect from the received band of frequencies the 
fundamental frequency generated at the sending station and pro- 
duce from this frequency harmonics which тау be used in the 
steps of demodulation, as above described. This expedient not 
only definitely ties together the frequencies of the various chan- 
nels at the sending and receiving station, but also rigidly relates 
the frequencies of corresponding channels at the two stations. 


1,447,481—H. Morris-Airey and George Shearing, filed August 
22. 1921. 


THERMIONIC VALVE construction in which the leads entering 
the glass envelope of the tube are formed by lead seals. These 
conductors are formed between the external contacts of the tube 
and the interior electrodes by running the lead thru a glass tube 
in a molten condition, which when hardened becomes an effective 
seal and serves as a connection. 


1,447,773—L. Espenschied and Ralph Bown, filed September 15, 
1921, issued March 6, 1923. Assigned to American Tele- 
phone and Telegraph Company. 

Rapio TRANSMISSION CONTROL SYSTEM, which maintains a 
uniform transmission level by varying the amplification of the 
receiver to compensate for transmission variations. The regula- 
tion at the receiver 18 automatic. А current limit relay operates 
at the receiver to actuate a motor driving a contact arm which 
cuts in or out resistance in the amplifier circuit to maintain the 
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volume of received signal constant irrespective of fluctuation 
in the transmission current. 


1,447,779—J. H. Hammond, Jr., filed December 27, 1910, issued 
March 6, 1923. 


SYSTEM OF ETHER WAVE CONTROL, comprising a transmitting 
station arranged to emit waves of constant amplitude with a 
signaling device for increasing the amplitude of said waves. At 
the receiver the apparatus is arranged to be unresponsive to 
currents set up by the waves of constant amplitude, but respon- 
sive to the waves of increased amplitude. The energy received 
from these latter waves operates the observing device. 


1,447,793—M. Latour, filed August 19, 1921, issued March 6, 
1923. 

Rapiro RECEIVING SYSTEM, in which the sensitiveness of re- 
ception is improved by adjusting the magnetization of the tele- 
phones to a selected point. A pair of rectifiers are used in the 
receiving circuit for improving rectification and Increasing sensi- 
tiveness in heterodyne reception. 


1,448,575—G. H. Stevenson, filed December 21, 1920, issued 
March 13, 1923. Assigned to Western Electric Company, 
Incorporated. 

Wave METER AND SIMILAR ELECTRICAL DEVICE, in which 
the change in capacity by movement of the control kev, normally 
used to connect the buzzer in the wave meter circuit, is compen- 
sated for by substituting an equivalent capacity in the circuit 
upon operation of the key. 


1,449,148— WW. F. Gehrig, filed March 9, 1922, issued March 20, 
1923. Assigned to Essex Specialty Company, Incorporated. 
DETECTOR of the crystal {уре in which the cat-whisker is 
adjusted to a sensitive point on the crystal from a support con- 
sisting of a split spherical ball bearing. The invention resides 
in this split spherical bearing, by which the eat-whisker may be 
readily adjusted to any desired position. 


1,449,253— M. S. Strock, filed September 23, 1921, issued March 
20, 1923. 


UNr-DIRECTIONAL RECEIVING SYSTEM employing a coll anten- 
na and a ground variable inductor coupled therewith, as absorb- 
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аш cneuns for the transmitted energy. The electron tube de- 
'ertor of rhe receiving apparatus is connected to this collecting 
-v«rem. the filament electrode being connected to the inductor 
and ‘ne grid being connected to the loop. 


FIG.2. 


NuMBER 1,449,253—Uni-directional Receiving 
System 


1,449,372—H. D. Arnold, filed December 1, 1915, issued March 
27, 1923. Assigned to Western Electric Company, Incor- 
porated. 


Fig.l. 


Fig. 2. 


NUMBER 1,449,372—Svstem of Telephony 
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SYSTEM ОЕ TELEPHONY, arranged to increase the efficiency 
of telephonic communication by modulating a radio frequency 
oscillation and eliminating from the antenna, or other sending 
circuit, constant amplitude oscillations of the carrier-wave fre- 
quency, which, in present practice, are impressed upon it. Fur- 
ther objects of the inventions are to improve the quality of speech 
received and to make possible the secret transmission and recep- 
tion of messages. These objects are accomplished by providing 
an arrangement of circuits whereby current is suitably modulated 
and is supplied to the antenna only when the characteristics of 
the radio frequency current to be impressed on the antenna are 
changing in accordance with the wave form of the signal to be 
transmitted, and by providing at the receiving station a small 
auxiliary generator which shall furnish a wave of the frequency 
of the unmodulated carrier wave. 


1,449,382—J. R. Carson, filed December 1, 1915, issued March 


27, 1923. Assigned to American Telephone and Telegraph 
Company. 


NUMBER 1,149,382— Method and Means for Signaling with 
Radio Frequency Waves 


METHOD AND MEANS FOR SIGNALING WITH RADIO FRE- 
QUENCY Waves in duplex operation and without transmission 
of energy, except during the time when signals are actually being 
transmitted. The system contemplates the generation of an 
audio frequency signaling wave and an undamped radio fre- 
quency carrier wave. The carrier is modulated in accordance 
with the signal wave to produce a modulated wave. the ampli- 
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tude of which is directly proportional to the modulating wave. 
The transmission of energy is automatically prevented in the 
absence of the signal wave. 


1,449,722. W. R. С. Baker, filed September 17, 1921, issued 
March 27, 1923. Assigned to General Electric Company. 
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NUMBER 1,449,722—Radio Frequency Signaling System 


RADIO FREQUENCY SIGNALING SYSTEM, which may be inter- 
changeably used in the transmission of speech-modulated radio 
frequency waves as are used in radio telephony, interrupted con- 
tinuous waves for radio telegraphy, or continuous waves for 
radio telegraphy. An electron tube transmitter circuit is pro- 
vided with a switching arrangement whereby the tubes used as 
modulators in radio telephone transmission may be used as oscil- 
lators in circuit with the other oscillators when the set is used for 
telegraphy. 


1,449,911—R. H. Ranger, filed November 12, 1921, issued March 
27, 1923. Assigned to Radio Corporation of America. 


METHOD AND MEANS OF RECEIVING SIGNALS, consisting in 
receiving the transmitted signals at a plurality of stations and 
comparing the signals received at the same station to eliminate 
errors and effects of static interference. 


1,450,038—G. Hill, filed April 28, 1920, issued March 27, 1923. 

COMBINED WAVE CHANGER AND WAVE METER, involving a 
method of having the indicating pointer of the wavemeter which 
indicates the wave length on the various scales so combined with 
the wave changer that as the handle of the wave changer is 
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operated, the pointer for the wavemeter is operated and picks 
out or selects the proper scale. 
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NuMBER 1,450,038—Combined Wave Changer and 
Wave Meter 
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1,450,061—W. W. Coblentz, filed August 6, 1920, issued March 
27, 1923. 

OPTICAL METHOD FOR PRODUCING PULSATING ELECTRIC 
CURRENT, for signaling by light rays. The method consists 
In successively exposing a light sensitive body to light ravs which 
are colored to effect alternate photo-positive and photo-negative 
action by the body whereby the current passing therethru 1s 
modulated accordingly. 


1,450,265—J. Slepian, filed April 18, 1919, issued April 3, 1923. 
Assigned to Westinghouse Eleetrie and Manufacturing Com- 
pany. 
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NUMBER 1,450,265—Hot Cathode Tube 


Hor CaruopE TUBE for rectification, in which a relatively 
small incandescing filament may be operated at moderate tem- 
peratures to produce a small number of electrons and these 
electrons may be caused to impinge upon an adjacent electrode 
with high velocity by subjecting them to the influence of a high 
voltage electrostatic field. As a result, there is produced a pro- 
fuse emission of electrons from the adjacent electrode by the 
joint action of reflection and secondary emission, it being well 
known that the impact of a high-velocity electron upon another 
body may set free a large number of low-velocity electrons there- 
from. The adjacent electrode, which is thus caused to be the 
seat of a profuse electron emission, may now be employed as а 
cathode in an auxiliary. eircuit; and a relatively large amount of 
current may be offered passage in one direction because of the 
large number of electrons available. 
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1,450,413—H. W. Edmundson, filed March 10, 1919, issued 
April 3, 1923. Assigned to General Electric Company. 


VACUUM ELECTRIC DISCHARGE DEVICE, in which a shield 
is provided to block the discharge of electrons from the cathode 
in the direction of the leading-in conductors in the tube. The 
patentee does away with the continued electron bombardment 
in the direction of the glass press in the tube containing the 
leading-in wires, as the tendency of depositing a conductive film 
between the leading-in wires, impairs the efficiency of the tube.. 
The shield prevents bombardment in the direction of the press. 


1,450,749—G. W. Pierce, filed March 11, 1914, issued April 3, 
1923. Assigned to Peter Cooper Hewitt; the Farmers Loan 
and Trust Company of New York, executors of said Peter 
Cooper Hewitt. 


APPARATUS FOR AND METHOD OF CONTROLLING ELECTRIC 
CURRENTS, comprising a mercury vapor circuit. The invention 
is illustrated in connection with a radio receiving circuit wherein 
the mercury vapor tube is rendered particularly sensitive to 
received signals, 


1,451,426—L. J. Lesh, filed April 9, 1918, issued April 10, 1923. 
Assigned to Emil J. Simon. 


SPARK Gap APPARATUS employing quench gap units sup- 
ported in separate resilient holders, whereby each unit is re- 
movable whereupon the holder closes the circuit originally occu- 
pied by the gap. Each quench gap unit is provided with heat 
dissipating ribs. 


1,451,427—L. J. Lesh, filed June 5, 1918, issued April 10, 1923. 
Assigned to Emil J. Simon. 

SPARK GAP APPARATUS, comprising individual quench gap 
units which are arranged radially about a support. The spark 
gap units are each independently removable from the radial 
frame and are positioned somewhat like the spokes of a wheel. 
A selector switch is provided for connecting the desired number 
of units in the transmitter circuit. 


1,452,032—J. F. Farrington, filed April 30, 1918, issued April 
17, 1923. Assigned to Western Electric Company, Incor- 
porated. 


OSCILLATION GENERATOR FOR SIGNALING SYSTEMS, wherein 
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the oscillator is connected with an antenna system. which in- 
cludes an inductance and capacity, by a particular connection 
of the input circuit of the tube and the antenna svstem. The 
input circuit of the tube is connected across the capacity and a 
variable connection is provided between one terminal of the 
input circuit and the inductance in the antenna svstem. 


NUMBER 1,452,032—Oscillation Generator for 
Signaling Systems 


1,452,064—V. Bush, filed November 22, 1918, issued April 17, 

1923. American Radio and Research Corporation. 

RADIO TRANSMITTER of the impact excitation {уре in which 
a series of uni-directional pulses are produced. The primary 
and secondary circuits are closely coupled and detuned. The 
spark gap comprises a series of relatively high sparking length 
gaps with a capacity, resistance, reactance or impedance con- 
nected across a portion of the gap such that the primary circuit 
has a high resistance to the resurgence of current thru the gap 
at radio frequency and oscillations after the first impacts are 
damped out. 


1,452,339—R. A. Heising, filed May 28, 1918, issued April 17, 
1923. Assigned to Western Electric Company, Incorpor- 
ated. 

ELECTRICAL DISCHARGE DEVICE, including an electron tube 
circuit in which the leak path between the cathode and the grid 
consists of a highly inductive reactance. This leak path is also 
shown as comprising an inductance in series with a parallel 
arrangement of capacity and resistance. 


This patent should be considered with previous digests. 


1,443,469—J. Guthrie and John W. Simmons, filed August 4, 
1922, issued January 30, 1923. Assigned to Simmons Manu- 
facturing Company. | 

RuHEOsTAT particularly adapted for electron tube filament 
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control wherein fine adjustment may be desirable. The rheostat 
comprises a serles of resistance disks supported in a container. 
A plunger operates to vary the pressure on the disks according 
to predetermined ratio, thereby varying the conductivity of the 
pile. 


List оғ RADIO TRADE Marks PUBLISHED BY PATENT OFFICE: 
PRIOR TO REGISTRATION 


The numbers given are serial numbers of pending applications: 


170,633—':3YQ, FEDERAL RADIO, CAMDEN, N. J.” in ornamental 
design, for radio receiving apparatus. Federal Institute of 
Radio Telegraphy, Camden, New Jersey. Claims use since 
on or about April 1, 1922. Published February 27, 1923. 


165,755—''Car's WHISKERS” with design of cat’s face, for radio 
receiving apparatus. А. J. Meyer Mfg. Co., Inc., West 
Hoboken, New Jersey. Claims use since on or about May 
20, 1922. Published March 6, 1923. 


172,357 — "RW" in ornamental design, for radio receiving sets. 
R-W Mfg. Co., Chicago, Illinois. Claims use since October 
14, 1922. Published March 6, 1923. 


168,529—'"TuE CLARION,” ManriELD Rapio Mre. Co., for 
radio receiving apparatus. Maurice W. Hirshfield, New 
York. Claims use since July 1, 1922. Published March 27, 
1923. 


169,825—“‘Rapio Waves,” monthly magazine. Radio Waves 
Publishing Co., Portland, Oregon. Claims use since March 
20, 1922. Published March 27, 1923. 


171,433—''Mon-ToNE" for mica condensers. Radio Supply & 
Service Corp., New York, N. Y. Claims use since June 16, 
1922. Published March 27, 1923. 


172,983—''F RECO" for radio receiving apparatus. Fallkill Radio 
& Electrical Co., Poughkeepsie, New York. Claims use 
since June 15, 1922. Published March 27, 1923. 


174,548—"'JEWELL" for radio receiving sets. Frederic Wommer, 
Minneapolis, Minnesota. Claims use since September 16, 
1922. Published March 27, 1923. 
174,260—“RFL” for radio receiving apparatus. Radio Fre- 
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quency Laboratories, Inec., Boonton. New егеу. | Ciaims 
use since December 20, 1922. Published March 27. 1923. 


174,253—“ RED SEAL” for radio receiving apparatus. Manhat- 
tan Electrical Supply Co., Inc., New York. N. Y. Claims 
use since November 20, 1922. Published March 27. 1923. 


174,947—“КАретЕС” for ervstal detectors. Orrin W. Towner 
doing business as "Two Laboratories, Kansas Сиу. Mis- 
souri." Claims use since October 23, 1922. Published March 
27, 1923. 


162,9855—''G-L ORIGINAL GanBE-LAHMEYER," in ornamental 
design, for radio receiving apparatus. Deutsche Elektrizi- 
tats-Werke Zu Aachen-Garbe, Lahmever & Co.—Atkien- 
gesellschaft, Aachen, Germany. Claims use since about 
November 23, 1921. Published April 3, 1923. 


168,786—Ornamental design for crystal detectors. The Radiola 
Wireless Corporation, New York, N. Y. Claims use since 
March 1, 1922. Published April 3, 1923. 


173,576—“‘Rapio-Fotur Way SWITCH PLUG,” in ornamental 
design, for telephone plugs. Louis De F. Munger. doing 
business as Four Way Company, Springfield. Massachusetts. 
Claims use since October 16, 1922. Published April 3, 1923. 


173,960—''DiopE" for Vacuum tubes. Electrad Corporation of 
America, New York, N. Y. Claims use since December 10, 
1922. Published April 3, 1923. 


174,388—''EvRAco," for radio apparatus. Robert E. Goll, doing 
business as European Radio Company, New York. N. Y. 
Claims use since November 1, 1921. Published April 3, 1923. 


162,091—''UxrioN-Rapio-ConRPoRaTION" in ornamental design 
for Radio Apparatus. Union Radio Corporation, New York, 
N. Y. Claims use since March 24, 1922. Published April 
21, 1923. 


168,729—''Rapio-MERcHANDIsING," for radio magazine, Radio 
Publishing Corporation, New York, N. Y. Claims use since 
June 1, 1922. Published April 24, 1923. 


174,201—''EsTRU" radio apparatus, in ornamental design. Dal- 
ton Whittier, Ture Company, Chicago, Illinois. Claims use 
since May 11, 1922. Published April 24, 1923. 
174,657—''KAsKADE," for Radio Receiving Outfits. David 
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Grimes, doing business as Grimes Radio Engr. Со., New 
York, N. Y. Claims use since December 22, 1922. Pub- 
lished April 24, 1923. 


174,859—“‘REGENOFLEX”’ for Radio Receiving Sets. Radio Cor- 
poration of America. Claims use since January 17, 1923. 
Published April 24, 1923. 


176,634—“LitrLe TaTTLER” for Radio Receiving Sets. Marin- 
ette Electric Corporation, Marinette, Wisconsin. Claims 
use since November 1, 1922. Published April 24, 1923. 


167,334— GENERAL Rapro Co.,” for radio receiving sets. Gen- 
eral Radio Company, Cambridge, Massachusetts. Claims 
use since January, 1916. Published April 24, 1923. 


175,289—'' AMERTRAN," in ornamental design for transformers. 
American Transformer Co., Newark, New Jersey. Claims 
use since June 1, 1922. Published April 24, 1923. 
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RECEIVING MEASUREMENTS AND ATMOSPHERIC 

DISTURBANCES AT THE UNITED STATES NAVAL 

RADIO RESEARCH LABORATORY, BUREAU OF STAND- 
ARDS, WASHINGTON, MARCH AND APRIL, 1923* 


By 
L. W. AUSTIN 
(United States Naval Radio Research Laboratory, Washington, D.C.) 


(Communication from the International Union for Scientific Radio 
Telegraphy) 


The April observations indicate the approach of summer con- 
ditions by the strengthening of the atmospheric disturbances and 
by the beginning of the summer fading which has appeared a full 
month earlier than last year. The belief that the extreme fading 
of the European stations in Washington is largely local has been 
strengthened bv the frequent observation of the simultaneous. 
weakening of the signals from Radio Central, Long Island. Dur- 
ing the portions of the year when European fading is not promin- 
ent, the signals from Radio Central show remarkable uniformity 
in Washington, seldom varying more than ten percent. 

In March and April, Lafayette has unfortunately been send- 
ing verv litt'e during the forenoon (Washington time). 

The calculated A.M. intensities (all daylight between sta- 
tions), assuming 480 amperes for Lafavette and 380 amperes for 
Nauen, аге: 


E (Lafayette? = 31.5 - 107° volts meter and 
E (Nauen) = 15.3 · 10-5 volts ‘meter 


*Received by the Editor, June 4, 1923. 
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RATIO ОЕ AVERAGES 


Disturbance} А. М. Р. М. 
Р. М. Signal Signal 


| A. M. | Disturbance Disturbance 


FIELD INTENSITY OF NAUEN AND OF DISTURBANCES 
(4212,500 m.) ix Marcu, 1923, IN MICROVOLTS PER METER 


10 A. M. 3 P. M. 
: Dis- i Dis- 
Date Signal turbances Signal turbances 
1 21.0 5.0 38.5 28 
2 39.8 6.0 28.5 5 
3 40.6 5.6 34.7 8 
5 37.2 4.5 25.2 10 
6 20.0 8.8 28.5 12 
7 37.0 10.0 17.0 26 
8 13.8 8.0 : 32.0 15 
9 31.0 3.0 | 28.7 12 
10 28.7 25.0 ede тө 
12 28.1 10.0 37.1 16 
13 15.4 25.0 8.0 30 
14 24.5 8.0 * 15 
15 26.7 52.0 10.0 155 
16 21.9 25.0 30.9 43 
17 32.0 10.0 "T Р 
19 38.5 13.0 43.0 12 
20 38.5 10.0 25.5 10 
21 39.0 9.0 51.5 25 
22 36.3 7.8 34.1 19 
28 42.0 12.0 32.0 18 
24 36.3 42.0 m ines 
26 72.8 13.0 18.5 52 
27 51.5 8.0 32.0 23 
28 * 8.0 43.0 16 
29 * 6.0 36.8 14 
30 55.7 6.0 E 
3l * 52.0 15.0 48 
Average 34.3 14.5 30.5 . 26.2 


* = поё heard. 
.... = по taken. 
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FIELD INTENSITY OF LAFAYETTE AND OF DISTURBANCES 
(¿= 23,400 m.) iN Marcu, 1923, iN MicRovoLTs PER METER 


Q NN m 


о 0 N3 
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Average 81.7 


* = not heard. 
.... =not taken. 
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FIELD INTENSITY OF NAUEN AND OF DISTURBANCES 
(4212,500 m.) IN APRIL, 1923, IN MICROVOLTS PER METER 
10 A. .M. 3 P..M. 
| Dis- | Dis- 


Signal Signal . 
3 : turbances А | turbances 


48 
62 
390 
95 
150 
100 
69 
120 
180 
210 
340 
69 
10 
190 
100 
89 
98 
96 
350 
250 


meow sk 


2 
3 
4 
ә 
6 
1 
9 
10 
11 
12 
13 
14 
16 


+ © orc lt 


k= а 
оо =] 
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Wh м ммм м to 
= @ — о S 
Q í фи Q © N Ую € > 
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Average 


* = поё heard. 
.... = поё taken. 
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Кїкї р INTENSITY OF LAFAYETTE AND OF DISTURBANCES 
(42 23,400 m.) IN APRIL, 1923, IN MicRovoLTs PER METER 


| | 10 A. M. 3 P. M. 
or Dis- ET ` Dis- 
Date Signal turbanees | Signal turbances 

2 * 15 | 110.0 ` 85 

3 | x 100 "E M 

qo ` * 120 15.0 ¦ 580 

5 * 98 40.0 | 240 

6 * 280 26.1 20 

7 * 70 500 180 

9 * 60 29.0 | 160 
10 * 185 2.0 200 
11 * 240 20.5 360 
12 * 120 | 25.0 390 
13 * 200 | 20 500 
14 * 80 92.5 60 
16 * 52 | 957 190 
17 * 125 |. 19.0 280 
18 * 28 50.0 175 
19 * 44 50.0 120 
20 * | 65 24.4 145 
21 * | 85 30.8 188 
23 * 340 32.5 | 430 
24 * 260 50.0 420 
25 * 80 75.0 | 130 
26 ' 82 50.0 300 
97 * 100 29.1 i .... 
28 * 55 * 180 
30 x * | 70 * 80 

Average , 0 | 121.8 38.5 | 213.6 


*= not heard. 
....=not taken. 


SUMMARY: Field intensities of the signals from the Lafayette and Nauen 
stations, together with the simultaneous strengths of the atmospheric dis- 
turbances at Washington are given for March and April, 1923. 
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DESCRIPTION OF THE GENERAL ELECTRIC COM- 
PANY'S BROADCASTING STATION AT SCHENECTADY, 
NEW YORK* 


Bv 
W. R. G. BAKER 


(GENERAL ELECTRIC COMPANY, SCHENECTADY, NEw York) 


Radio telephone broadcasting transmitters differ in many 
respects from the commercial type of radio telephone equipment. 
The general requirements of radio telephone transmitters, used 
for purposes other than broadcasting, are ordinarily determined 
by eommercial traffic conditions. In this case, the limits of 
both the electrical and mechanical design are rather definitely 
fixed by economic and operating conditions. Оп the other 
hand the economics of a broadcasting station are indefinite at 
present, and the method of operating is determined by factors 
far removed from those governing commercial traffic. 

It is logical to expect that broadcasting stations would be 
somewhat similar to the best class of commercial equipments. 
There is, however, one very important exception and that is the 
fact that the broadcasting transmitter has been subjected to 
numerous refinements which, due to both economie and oper- 
ating considerations, could not be incorporated in the commer- 
cial transmitter. In general, the commercial radio telephone 
transmitter is required to transmit only the band of voice fre- 
quencies necessary to handle commercial telephony. Trans- 
mitters for broadcasting purposes must, however, transmit fre- 
quencies over a considerable band from the deepest tone of 
orchestral instruments and organs to the high note of the piccolo 
flute. The commercial transmitter is required to operate both 
as a telephone and telegraph set over a considerable range of 
wave lengths. The control equipment is designed to permit 
the operating personnel to handle commercial traffic with the 
minimum amount of switching. 

In order to indicate the general similarity between a com- 
mercial and a broadcasting telephone transmitter, attention 15 


` * Received by the Editor, January 31, 1923. Presented before THE IN- 
STITUTE OF RADIO ENGINEERS, New York, February 7, 1923. 
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FicunE 1—1 Kilowatt Commercial 
Radio Telephone Transmitter 


called to Figure 1 which shows the Model AT-702 transmitter 
built by the General Electric Company for the Radio Corpora- 
tion of America. "This transmitter is designed to provide com- 
munication by continuous-wave telegraphy, interrupted contin- 
ous-wave telegraphy, and telephony. In this equipment four 
250 watt radiotrons (UV-204) shown in Figure 2 are used as 
oscillators when transmitting continuous waves or interrupted 
continuous waves. For telephony, two UV-204 radiotrons are 


FicvRE 2—Radiotron Type UV-204 
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utilized as oscillators, two as modulators and a 50-watt radio- 
tron (UV-203) shown in Figure 3 is employed as a speech ampli- 
fier. The set has a normal wave length range of from 300 to 
800 meters. Provision, however, is made so that the wave 
length range may be modified to cover the band of 600 to 2,000 
meters, in which case telephony is available up to 1,000 meters 
and continuous and interrupted wave telegraphy thruout the 
entire range of wave lengths. On the metal panel forming the 
front of the unit are mounted various instruments and controls, 
which are required to handle commercial traffic expeditiously. 
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FIGURE 3—Radiotron Type UV-203 


The operator's control and the extension station equipment 
are shown in Figures 4 and 5. The operator's control unit con- 
tains switching equipment for starting and stopping the motor- 
generator. The three-position control switch permits the selec- 
tion of “Remote,” "Local" or “Interphone” operation. With 
the "Local" position, the operator has complete control of the 
transmitter. When in the “Remote” position, the ''Send- 
Receive" control is transferred to the subscriber's control unit. 
When in the “Interphone” position, wire telephony is available 
between the operator and the extension station. 
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FIGURE 4—Operator’s Control Unit for Radio 
Telephone Transmitter 


FIGURE 5—Extension Station Equipment for Radio Telephone Transmitter 
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The power equipment illustrated in Figure 6 is a three-unit 
motor-generator set, consisting of a motor, а double-current self- 
excited generator, and a high voltage direct current generator. 


FIGURE 6—2,000 Volt Direct Current Motor Generator Set for Radio 
Telephone Transrhitter 


It is evident that à commercial telephone transmitter such 
as just described must contain the fundamental elements 
of a broadcasting transmitter. The service requirements, 
however, are entirely different, hence it would be expected 
that the detail design 'of the equipments would vary con- 
siderably. Among other requirements, a broadcasting trans- 
mitter must deliver radio frequency power at a constant fre- 
quency. In addition it must operate at a load point sufficiently 
high to permit reasonable efficiency without introducing an undue 
amount of distortion. Such a transmitter unit is shown in Figure 
7. In this equipment, the frequency is determined by a tank 
circuit which in turn is coupled to the antenna circuit. The tube 
equipment consists of four UV-204' and one UV-203 radiotrons. 
Two of the UV-204 tubes are employed as oscillators, two as 
modulators, while the UV-203 is used as a speech amplifier. The 
control equipment is comparatively simple as only telephony 
is required and the wave length range is from 300 to 600 meters. 

The amplifiers used with this equipment are shown in Figures 
8 and 9. Three types are used depending upon the pick-up de- 
vice employed and the selection to be reproduced. Since this 
equipment is, in general, quite similar to that used at "WGY"* 
it will be considered in connection with that station. 

The control cabinet, Figure 10, provided with this equip- 
ment permits the operating personnel to select either one of two 
transmitting equipments thus preventing an interruption in case 
of trouble. In addition, the entire amplifier equipment may be 
replaced by an emergency group by simply throwing a switch. 

The most interesting type of broadcasting stations are those 

* Call of the General Electric Company's broadcasting station at Sche- 
nectady, New York. 
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FIGURE 7—1 Kilowatt Broadcasting Radio 
Telephone Transmitter 


in which continued research and development are carried on. one 
of which is WGY operated by the General Electric Company at 
Schenectady, N. Y. It is obvious that a discussion of all the 
problems incident to the design and operation of a broadcasting 
station of this tvpe is bevond the scope of this paper. It seems 
advisable. therefore, to consider the entire equipment in а gen- 
eral way indicating the various features deserving special atten- 
tion. 

The general requirements for the highest grade broadcasting 
stations are as follows: | 

1. The station must be ready to operate at all times. This 
means that the director of broadcasting may at any time handle 
a special program if he so desires. 

2. Continuity of service is absolutely necessary. In other 
words, the equipment must be designed and operated in a man- 
ner that will prevent an interruption during a program. 
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3. The quality of transmission must be of the highest order. 

4. The transmitter frequency must be maintained constant. 

The requirements of & broadcasting station may be sum- 
marized by stating that the best possible service must be available 
at all times. 
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Figure 8—Amplifiers for Broadcasting Station Transmitter 


In considering station WG Y, it is convenient to divide the 
equipment, into three parts. 
1. Power Plant. 
2. Control Equipment. 
3. Studio. 
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PowER PLANT | 

The power plant includes all equipment necessary for the 
generation, modulation, and radiation of the radio frequency 
power. This apparatus is located in what is called the power 


Figure 9—Amplifiers for Broadcasting Station Transmitter 


house and consists in general of the following equipment, which 
is provided in duplicate: 
(a) High voltage direct current supply consisting of one or 
more batteries of kenotron rectifiers. 
(b) Radio frequency generator utilizing one or more radio- 
trons as oscillators. 
(c) Modulator unit consisting of one or more radiotrons as 


modulators. 
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CoNTROL EQUIPMENT 


The control room contains all amplifying and switching 
equipment. 


Figure 10—Operator’s Control Cabinet for Broadcasting 
Station Transmitter 


STUDIO 

The studio consists of the usual room prepared and furnished 
especially for broadcasting service. 

In Figure 11 is shown the general arrangement of the equip- 
ment used at WGY. In order to provide suitable space for the 
main and auxiliary studios it was necessary to locate this portion 
of the station 3,000 feet from the power house. While it 1s not 
absolutely necessary to locate the control room in close proxi- 
mity to the studio it was found more convenient to do so in this 
particular instance. 


FIGURE 11—Layout of "WGY" 
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THE POWER HOUSE 
ANTENNA 
The power house is located in the building shown in Figure 
12. This figure also gives some idea of the antenna employed at 


Figure 12—“WGY” Broadcasting Towers 


WGY, which is of the multiple tuned type having two tuning 
points. Ап extensive counterpoise system is utilized and can be 
seen in Figure 13, which also shows the outdoor tuning coil. 
The second multiple tuning coil is located in the power house 
and serves to transfer power to the antenna. "The towers are 
185 feet (56 m.) high and placed 352 feet (107 m.) apart. The 
length of the flat top portion of the antenna system is approxi- 
inately 200 feet (61 m.). 


RECTIFIER EQUIPMENT 


The direct current supply for the plate circuits of the tube 
equipment used for the generation and modulation of the radio 
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frequency power is obtained from a battery of kenotron recti- 
fiers. "The present equipment with its filter is capable of deliver- 
ing power at 12,000 volts with a ripple of less than one-tenth of 
one percent. The schematic circuit diagram is shown in Figure 
14 and the actual construction is indicated in Figure 15. 


Figure 13—Counterpoise and Outdoor 
Tuning Coil at “W GY” 


In this rectifier the delta connected primary is supplied from 
а 3-phase, 220-volt generator. The high tension windings of the 
transformer are connected to form two Y's, 180 degrees out of 
phase. Each Y with its kenotrons is thus a half wave rectifier 
delivering voltage waves E; and E; with the odd multiples of the 
triple harmonic component in the two Y's 180 degrees out of 
phase and the even components in phase. If the neutral points 
of the two Y's are connected thru & reactance and the load is 
connected as shown, the odd multiples of the triple harmonic 
component will not appear in the rectified voltage wave whereas 
the even harmonic components will appear. The voltage across 
the reactor or interphase transformer is the sum of the absolute 
values of the odd multiple of the triple harmonic frequency 
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Figure 14—Schematic Circuit Diagram of Rectifier at 
“WGY” 


voltage due to each Y. The current due to this voltage is inter- 
phase transformer magnetizing current, and circulates thru the 
kenotrons and transformer windings without appearing in the 
load. 

The current waves drawn thru each kenotron are nearly 
square, lasting for one-third of the cycle. Since there are two 
high tension windings per phase passing current in opposite 
directions, the primary current wave is symmetrical and con- 
tains no even harmonies. The direct current component of 
current delivered by each of the two Y's is one-half of the total 
direct current, so that each tube is required to pass only one-half 
the maximum value of current required per tube in the ordinary 
three-phase full-wave rectifier. The tube equipment consists 
of six UV-218 kenotrons, one of which is shown in Figure 16. 


OSCILLATOR AND MODULATOR UNITS 


The oscillator circuit is shown schematically in Figure 17. 
This utilizes a tank circuit loosely coupled to the antenna so 
that the frequency is determined chiefly by the constants of the 
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tank or dummy circuit. The oscillator utilizes one UV-208 tube 
(Figure 18), operating at reduced output. The complete oscil- 
lator and modulator assembly is shown in Figure 19. 
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FIGURE 15—Kenotron Rectifier 


The modulator employs five UV-206 tubes (Figure 20). The 
modulating system 1s that commonly known as the plate method 
of modulation. The modulation unit also includes an amplifier 
This amplifier consists 


known as the 4th stage of amplification. 
of two units:—a push-pull and a reactance coupled amplifier. 
Either unit may be used, depending upon operating conditions. 


Both units use UV-204 tubes at a plate potential of 2,000 volts. 
In addition to the apparatus mentioned, the power house 

contains the necessary generators and batteries together with an 

oscillograph, power controls, and auxiliary switches. 
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Figure 16—Type UV-218 Kenotron (View Showing Electrodes) 
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FIGURE 17—Schematic Diagram of Power House Circuits 


CoNTROL Room 


In order to understand the funetion of the control room atten- 
tion is called to Figure 21 which shows the amplification system. 
Numbers 1 to 10 indicate first-stage or microphone amplifiers. 
The microphone circuits from both the main and auxiliary studios 
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FiGuRE 19—Oscillator and Modulator Assembly at *"WGY" 


terminate in jacks. Four different types of first-stage amplifiers 
are provided and are selected according to the pick-up device 
used. In all cases UV-202 tubes (Figure 22) are used operating 
at a plate potential of from 350 to 400 volts depending upon the 
type of circuit. The circuits for first-stage amplifiers are shown 
in Figures 23 to 26, inclusive. Each first-stage amplifier has its 
own output control, filament control, and listening-in jack. An 
assembly of one group of amplifiers is shown in Figure 27. Cer- 
tain amplifiers are assigned to various classes of service, for ex- 
ample, each studio has its own announcing amplifier. In addi- 
tion some of these amplifiers are used exclusively for broadcast- 
ing from places other than the studio. 
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FIGURE 2C—Moodel UV-206 Radiotron 
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FIGURE 21—Schematie Diagram of Control Room Circuits 
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Figure 22—5 Watt Transmitting Radiotron Type UV-202 
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FIGURE 24—Microphone and First Stage Amplifier 
(Double Button) 
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FIGURE 25—Condenser Transmitter and Associated Circuits 
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The output circuits of the first-stage amplifiers may be 
plugged into either one of two second-stage amplifiers. The 
input circuit of the second stage units includes a number of jacks 
connected in multiple, thus permitting a number of first-stage 
amplifiers to be plugged into one second-stage unit. The out- 
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t Kx. 
FiGvRE 26—Push-Pull Amplifier 


FIGURE 27—Control Room Amplifiers at “СҮ” 


put of the second-stage amplifier may be plugged into either of 
two third-stage amplifiers. Both second and third-stage umts 
use one UV-203 tube operated at a plate potential of 600 volts. 
The circuit diagram of а second-stage amplifier is shown in 
Figure 28 and that of a third-stage amplifier in Figure 29. Both 
types of amplifiers use one UV-203 tube operating at a plate 
potential of 600 volts. Figure 30 shows the assembly of а group 
of second and third-stage amplifiers with their control equipment. 
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The output of the third-stage amplifier is plugged into either 
of two filter units indicated in Figure 21 as coupling units. The 


lines to the power house may be plugged into tne d 
coupling unit in use. 
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FIGURE 28—Second Stage Amplifier 
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Ficure 29—Third Stage Amplifier 


The input and output jacks of all amplifying equipments are 
located on the control board shown in Figure 31. The lamps at 
the top of this switchboard are part of the signaling system. 


Figure 30—Second and Third Stage Amplifiers at “WG Y” 


Power for the filaments of all amplifiers is obtained from 
storage batteries. The plate supply may be obtained either from 
a direct current generator or storage batteries. All power sup- 
plies are in duplicate usually by providing both a battery and a 
generator. The battery equipment is illustrated in Figure 32. 
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FIGURE 31—Control Board at WG Y 


Pick-up DEVICES 

The pick-up device is one of the most important units of a 
station since it is depended upon faithfully to transform the 
efforts of the artist into a form of energy that can be used by the 
balance of the equipment. This unit is now receiving. and will in 
the future receive, an increasing amount of attention. While there 
are a considerable number of pick-up devices in use they may. in 
general, be divided into four classes: 

1. Carbon transmitters, 

2. Magnetic transmitters, 
3. Condenser transmitters, 
4. Special types. 

Two types of microphones in the first class are available and 
are known as single and double-button mierophones | Figure 33>. 
Both tvpes have been used considerably at WGY with very fair 
results. 
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The magnetic type of pick-up device as used at WGY not 
only eliminates some disadvantages of the carbon type but pro- 
vides a means whereby individual control of certain instruments 
may be readily accomplished. This is particularly true in the 
case of the piano. Figure 34 shows the mounting of two pick- 
up devices on the piano. In this device, the vibrations of the 
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FiGvRE 32—Battery Racks Control Room Broadcasting Station, “WG Y'' 


Figure 33—Double Button Microphone 
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sounding board are transmitted to a rotatable coil. This cei 
which is placed in a strong magnetic field has induced in it poten- 
tials which are impressed on the grid of a special fir-t-—-tage 
amplifier. 
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КєснЕ 34—Piano Pick-up Device, “WGY” Broadcasting Station 


When this device is used, individual control of a vocal selec- 
tion and the accompaniment is readily accomplished since the 
vocal selection would be taken care of by a condenser transmit- 
ter or carbon microphone. 

A modification of the magnetic transmitter as used for the 
piano has been applied to phonograph reproduction (Figure 35). 
This transmitter together with a suitable filter has proved quite 
satisfactory. 
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Опе type of condenser transmitter is shown in Figure 36. 
This pick-up device is probably one of the best types for use in 
the studio, but is somewhat more difficult to apply outside of the 
station. The general system employed is either to mount the 


FIGURE 35—Phonograph Pick-up Device, “WGY” Broadcasting Station 


micrephone on a cabinet containing at least the first amplifier 
or to locate the unit near the end of the studio so that the ampli- 
fiers may be located in the control room. The condenser micro- 
phone requires from one to two additional stages of amplification 
and operates with a potential of 500 volts between plates. 

A new type of pick-up device called the Pallophotophone has 
been used for several types of service. 

This device (Figure 37) is dependent for its operation upon 
the variation of a beam of light. This light is made to fluctuate 
on and off a light-sensitive cell, the increase or decrease of light 
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causing a corresponding change in the flow of current thru the 
circuit in which the cell is connected. Amplification is obtained 
in the ordinary way by means of tubes. 

The two main features upon which the remarkable quality 
obtained with the device depends are: (1) the special design of 
the vibrating $ystem, which is extremely light and responds to 
vibrations even above the audible range, the amplitude of the 
mirror movement being many times that of the diafram upon 
which the sound waves impinge, and (2) the absence of that lag 
in the operation of the special light cell used, which is so pro- 
nounced in the ordinary selenium cell. 


FicvRE 36—Condenser Transmitter 


This device as used in the studio is mounted upon a light 
. pedestal that can be easily moved from place to place, all the 
main controls (Figure 38) being housed in a suitable cabinet and 
located in the control room. 

The Pallophotophone may be used to record and reproduce 
the voice or music (Figure 39). In this case a sensitized film is 
made to pass at a uniform speed behind a narrow opening, across 
which the beam of light before mentioned is made to vibrate. 
In this way a sort of oscillograph record is photographed upon 
the film. 

In order to reproduce speech or music, light is made to pass 
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thru the narrow slot or opening, with which the record was made, 
onto the light sensitive cell and the photographed record is passed 
back of the opening at the same speed at which the record was 
taken. The variations of light passing thru the opening will 
correspond to the vibrations produced by the original sound 
waves, and in this way the reproduction will be the same as if a 
person talked or sang directly into the device. 


FicuRE 37—Pallophotophone 
Pick-up Device 


In using the reproducer in broadeasting, the electrical im- 
pulses are not again converted into sound but are impressed 
directly on the amplifying system. In this way the distortion 
that would otherwise be present is eliminated. 


TIME SIGNAL RECEIVER 


The receiving equipment necessary in order to re-radiate 
the government time signals is located in the control room. This 
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apparatus is shown in Figure 40 and consists of а trap circuit, 
tuning unit, and amplifiers. 


higtkE 30—Pallophotophone Recorder 
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FIGURE 40—Time Signal Receiver at “WGY”’ 


THE STUDIO 
A general view of the main studio is shown in Figure 41. 


FIGURE 41—Main Studio at “СҮ” 
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All писгорһопе and control circuits are carried in lead- 
covered cables laid behind the wall draperies. Connection boxes 
are arranged near the floor for the microphone outlets. Figure 
32 shows the announcer's mierophone and control box. 
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BLASTING 


Figure 42—Announcer’s Microphone and Control Box 


The auxiliary studio is of somewhat similar arrangement and 
differs mainly in that it is considerably smaller. This studio 
is used chiefly for readings and lectures. 

The problem of broadcasting from churches and other places 
outside of the regular studio has received considerable attention. 
This is especially necessary when, аз in the case of Sunday services, 
а different church service is broadcast every Sunday. А typical 
arrangement of pick-up devices is shown in Figure 43 and illus- 
trates the refinement required in order to transmit every part of 
the service. These pick-ups are controlled by a specially designed 
unit shown in Figure 44. "This control box contains amplifier 
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equipment sufficient to compensate for line losses, and so on. 
Figure 43 illustrates schematically how this equipment is linked 
with the control room at WGY. With this equipment an oper- 
ator located at the church switches the various pick-up devices 
in and out of the circuit according to the requirements of the 
church service. 


FIGURE 43— Typical Microphone Arrangement for Church 
Service 


When it is required to broadcast from а remote point, it is 
frequently necessary to add additional amplifiers at this point. 


FIGURE 44—Control Equipment Used at Churches 
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This, of course, depends upon the electrical characteristic of the 
lines between the control room and the remote point. Great 
care is taken in not only obtaining high quality circuits, but in 
determining the amount of amplification necessary to maintain 
the speech always above the interference level. 
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FIGURE 45—Schematie Diagram of Circuits for 
Broadcasting From Churches 


STUDIO OPERATION 


А great portion of the success of any broadcasting station 
depends upon the operation of the studio. The proper placing 
of the artist and the relation of the various instruments of the 
orchestra, band or chorus, affects the transmission very mate- 
rially. Even for the radio play, where a number of pick-up 
devices may be used or where different pick-up devices are used 
for the various instruments, the broadcasting may be ruined by 
improper placement of performers. In cases where a separate pick- 
up device is used for some instrument such as the piano and where 
the soloist has an individual pick-up, the location is somewhat 
simplified, since the relative intensities may be regulated by the 
individual controls associated. with each pick-up device. 

The acoustie properties of the studio also have a decided 
effect on the placement of the pick-up device, especially for music. 
Obviously the best method of determining the proper location 
of the microphone is by actually testing with the artist. "This 
not only assures satisfactory operation during the performance 
but permits a gradual education of the studio manager in loca- 
ting the artist and microphone to obtain the best results. 

Probably the ideal condition would obtain if the pick-up 
device could be definitely located and the control equipment 
used to obtain the desired effect. This could be accomplished 
if, for example, each instrument in an orchestra had a separate 
pick-up device. In general the individual pick-up idea has 
worked out very satisfactorily for a limited class of broadcasting. 
In this class are the radio show, the musical comedy, and similar 
performances, The radio show in particular requires the use 
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of individual pick-up devices. For instance, some casts contain 
from twelve to fifteen performers, each of whom may act their 
part. The use of individual microphones together with a knowl- 
edge of the play and the general characteristics of each per- 
former permits a selection and grouping of pick-up devices which 
gives the most realistic results. This, however, does not stop 
with the performers but includes the various stage effects, such 
as wind, the ringing of a door or telephone bell, the slamming 
of a door, the scratching of a match, and so on. These effects 
are very important in order to assist the imaginacion of the radio 
theater-goer. 

Obviously the operation of the studio is one of the most im- 
portant features of a broadcasting station, and is probably 
destined to be the most important part. While the entire broad- 
casting equipment may be the best possible, unless the output 
of the studio is entirely correct, the desired effect on the listener 
is not obtained. 

The grouping for one scene of a play, “The Wolf," is shown 
is Figure 46 and the grouping for a harp selection in Figure 47. 


OPERATION 


In order to understand the duties of the operating personnel 
and the functioning of the signaling system, it is desirable to 
trace the operation of the station during the transmission of a 
program. 

The station is manned one-half hour before the program 1s 
to start and all clocks checked from a master clock. The two 
power men on duty measure the insulation of the tie lines to the 
control room, check all batteries, and operate the entire equip- 
ment into an artificial antenna. The senior power man then 
throws a switch which operates signal lights in the control room 
and studio indicating to the studio and control men that the power 
house is ready, but that the power is not on the antenna. So far 
as the power house is concerned, the set is in operation, and the 
two operators begin to perform their regular duties. The senior 
power man supervises the operation of the power equipment, 
monitors the radio output, and watches the modulation indi- 
cators in various parts of the circuit. By means of signal lights 
he informs the control room whether the modulation should be 
increased or decreased. In case of emergency he communicates 
with the control room over the inter-communicating system. 
The junior power man takes all readings and records them in the 
log at the beginning of each selection. In case the selection is а 
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FIGURE 46—Pick-up Grouping for Scene of a Play 


часове 47— Pick-up Grouping for a Harp Selection 
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long one, the readings are recorded every ten minutes. This 
finished the picture insofar as the power house is concerned. 
These men must keep the station running until directed by the 
control operator to shut down. 

Coming back to the control, we find that the operators have 
checked all batteries, amplifiers, and pick-up devices, and have 
connected in those required for the program. 

In the studio, we find the announcer and his assistant arrang- 
ing a group of artists. All artists not performing remain in the 
reception room where a loud-speaking reproducer permits them 
to hear the other numbers of the concert. 

Assume that the artists are placed and the control room has 

received a signal to this effect. "The senior control man throws 
a key which, operating contactors in the power house, transfers 
the set from the artificial to the regular antenna. The radiation 
from the antenna operates a green signal light in the control 
room and studio. The announcer throws a small key to “Ап- 
nounce" which, thru contactors, connects the announce micro- 
phone and its set of amplifiers, and also lights red warning sig- 
nals in the studio and control room. While the announcement 
is being made, the control man has grouped the amplifiers and 
pick-up devices for the first selection. After the announcement 
has been made, the announcer throws his key to the "concert" 
position, automatically disconnecting the announce microphone 
and connecting in the proper concert amplifiers апа pick-up 
devices. 
— In the control room, the senior operator controls the group- 
ing of the amplifiers and monitors the radio output. The assist- 
ant operator takes all readings for each selection and records 
them in the log and also checks the output of the amplifiers. А 
third operator keeps a six-hundred meter log and answers tele- 
phone calls. This operator also has control of a 1-kilowatt com- 
mercial transmitter adjusted for telegraph operation on 300 or 
600 meters. This transmitting equipment is quite similar to the 
commercial transmitter previously described. 

In case the pick-up device has been located incorrectly and 
the control men cannot compensate by any adjustment of the 
amplifying equipment, a small electric sign is lighted in the 
studio. This sign is located where it is not visible to the artist 
and indicates whether the location is wrong with respect to the 
soloist or the accompanist. It also indicates the general nature 
of the trouble. If possible, the studio manager then makes the 
necessary correction in location. 
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QUALITY 

It has been indicated that a broadcasting station is good to 
just the extent that the output of the pick-up device represents 
the efforts of the artist. This assumes that the balance of the 
equipment when actuated by the output of the pick-up device 
does not introduce distortion. The distorting effects may be due 
to either the acceptance or suppression of a particular frequency 
or band of frequencies. For example, a unit might amplify some 
frequencies considerably better than others thus resulting in 
accentuating those particular frequencies. Distortion may also 
result from overloading some unit with the result that while 
faithful reproduction occurs, so long as an impulse does not 
exceed a certain amplitude, all impulses having amplitudes in 
excess of this limiting value are decreased correspondingly. 

While these are but a few of the means whereby distortion 
may be introduced, they indicate the care required to obtain the 
high quality transmission necessary for a broadcasting equip- 
ment. The over-all frequency characteristic of WG Y is shown 
in Figure 48. The dotted line represents the condition that 
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Figure 48—Over-all Frequency Characteristic of Transmitter at "WGY" 


should exist for theoretically perfect transmission. The solid 
line indicates the actual frequency characteristic obtained. This 
characteristic was obtained by substituting a source of power 
for the pick-up device, hence any distortion due to the pick-up 
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is not considered. It should be noted that the essential fre- 
quency band (100 to 5,000 cycles) approximates very closely the 
ideal characteristic. 
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FIGURE 49—Record Ranges of Broadcasting Transmitter at “WG Y 


RANGE 

Probably the most indefinite faetor of a broadcasting station 
is the range. Not only is the range affected by the usual condi- 
tions incident to radio transmission, but in broadcasting it 1s 
further complicated by the lack of a common baxis of agreement 
for defining the term. In commercial work the range generally 
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indicates the distance over which commercial traffic can be 
handled satisfactorily. With broadcasting, the reception of even 
a small portion of a concert, or just sufficient information whereby 
the station may be identified, immediately establishes а new 
record. | 

. It is nevertheless interesting to observe the distances that 
have been obtained. In Figure 49 is shown a map indicating 
some of the distant points from which reports of WGY have 
been received. In each case the report of the reception gave 
sufficient information to prove definitely that the writer had 
received an appreciable part of at least one program. 


CONCLUSION 

The preceding describes in а general way the present-day 
broadcasting equipment. That great improvements will be made 
is, of course, obvious. It must be remembered, however, that 
a considerable investment has already been made in transmitting 
stations. In addition, the thousands of receiving stations pur- 
chased primarily for broadcasting reception necessitate a very 
 eareful consideration of the economies of the entire situation 
before any changes in wave length or method of transmission 
can be justified if such changes would tend to make this receiving 
equipment obsolete. 
SUMMARY: After a consideration of the points of similarity and of differ. 
ence of commercial and broadcasting radio telephone transmitters, there are 
described the pick-up devices, amplifying equipment, transmitters, and con- 


trol systems of a modern broadcasting station. The factors entering into the 
operation and performance of such a station are considered. 
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INTERFERENCE* 


BY 
ROBERT H. MARRIOTT 


(RADIO AIDE, UNITED STATES NAVY YARD, BREMERTON, WASHINGTON) 


Interference is an important problem in the theory and prac- 
tice of radio, and recently it has become a larger and different 
problem. 

Before radio left its shell of laboratory walls, interference 
was chiefly a theory. For when the experimental transmitter 
such as the Hertzian oscillator transmitter and the corresponding 
receiving loop were in the same room, there was usually but one 
transmitter operating, and the receiver was directional and too 
insensitive to be disturbed by other electromagnetic fields. But 
that was more than twenty-five vears ago, and radio has changed 
so greatly now that a condition of lack of interference is chiefly 
a theory. 

When radio first came out of the laboratory, interferenee 
was often an encouragement to those who struggled to make 
stations work. Their coherers responded to statie and local 
electromagnetic fields, producing innumerable combinations of 
dots that were mistaken for messages. The recognition of this 
condition caused the coherer sets to be very thoroly screened by 
iron cases and was one of the eauses of the change to the tele- 
phone receiver and detector method of reception. 

In 1901, there was unintentional and intentional interference 
between radio stations in New York harbor. This was when the 
Marconi Company, the American Wireless Telephone and 
Telegraph Company, and the De Forest Company all tried to 
report the International Yacht Races at the same time. That 
was probably the first marked case of radio interference and the 
first radio interference fight in this country. It was an object 
lesson that proved the necd for avoiding radio interference and 
interference fights, and caused experiments and development in 
tuning and in “etheric diplomacy.” 

— *Received by the Editor, January 6, 1923. Presented before the Seattle 
Section of THE INSTITUTE OF RADIO ENGINEERS, January 6, 1923, and before 
THE INSTITUTE OF RADIO ENGINEERS, New York, May 2, 1923. 


1 “United States Radio Development, "page 192, PROCEEDINGS OF THE 
INSTITUTE OF RADIO ENGINEERS, Volume 5, number 3. 
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Thru the “Era of Development of Demand for Radio Ser- 
vice"! ending in about 1911, interference between radio stations 
grew. Detectors were developed by listening to interference, and 
transmitter and receiver tuning was developed to avoid inter- 
ference, and, as a further result, a portion of the law, effective 
in 1912 (with regulations), was made to prevent interference by 
regulating radio station wave lengths, decrements, classes of 
service, locations, and powers. 

The uppermost thought at that time was to prevent inter- 
ference with SOS calls first, and then to prevent interference 
with commercial and government telegrams. The result was 
that nearly all wave lengths were given up to commercial and 
government telegrams. It was soon recognized that the amateur 
wanted to play with radio, and he was given the 200 meter wave. 

Since then it has been shown that the amateur's wave length 
is something more than a wholesome sport device that keeps 
him at home after dark. The amateur went in for a large quan- 
tity of audion receivers before the commercial companies and 
government and proved the worth of the audion. One of the 
amateurs, Mr. Edwin H. Armstrong worked with his audion 
bulbs and brought out the regenerative circuit, which started 
the greater strides in radio. The war came and showed that the 
amateur is а self-educated military radio force available for the 
army and navy. Апа he has shown that he has a self-acquired 
training that is useful to commercial companies. All of which has 
brought up the importance of amateur radio in comparison with 
government and commercial radio. 

The audion and the regenerative audion developed into radio 
telephone broadcasting. The broadcasting was what the public 
wanted and they put in receivers to get it. They put in so many 
receivers that the number of government, commercial, and 
amateur receivers became small in comparison. 

To-day when the question is asked as to whether radio sta- 
tions interfere with others or not, the first thought is whether 
they interfere with broadcasting receivers, because broadcasting 
receivers have, by their great numbers, become so important a 
group of radio receivers. 

Freedom from interference with distress calls must be con- 
sidered as of the highest value. The value of commercial mes- 
sages Is proportionate to the price of the messages. The value 
of government messages probably can be determined. The 
value of amateur and broadcast receiving probably may be 
arrived at by estimating how much the owners have invested 
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and are investing in radio apparatus. The demand for interfer- 
ence-preventing devices and regulations should be proportionate 
to the values mentioned. 

The government, commercial companies, and amateurs are 
organizations equipped to say what actually is the value of their 
receiving. If the value of broadcast receiving can be estimated, 
the relative value of the other kinds of receiving should be de- 
terminable automatically. 

An accurate estimate of the public's investment in broadcast 
receiving apparatus is not possible. But if we wait for accurate 
estimates, we may endure some years of unnecessary lack of 
development and interference while we wait. Even if figures 
eould be obtained from manufacturers and retailers, it soon be- 
comes apparent that there are a large number of temporary 
manufacturers who never advertise, and there are many home- 
made sets. Odd machine shops mention the drilling of numer- 
ous large sheets of bakelite, cabinet makers tell of specially 
elaborate boxes made for radio sets, and there are stories of ex- 
pensive receivers that have been built without buying much but 
vacuum tubes from the radio dealer. 

Suppose as & convenient method of caleulation that a city 
of 200,000 population is taken as а basis, and that the running 
expenses of the radio retailers are estimated by estimating their 
rents, cost of help, advertising, lost goods, bad accounts, and so 
on. One radio store may be found that has an expense of $40 
per day, one with а $35 expense, another with а $25 expense, 
another with а $20 expense. Then there may be anything from 
department stores to laundry offices that are handling radio 
goods at an extra expense of from $3 to $15 per day. All of those 
found may total up to $200 per day. If the retailers get one-third 
of the sale price, the several stores must sell $600 worth of radio 
apparatus per day to pay their expenses, and the broadcast 
listeners of that city must be spending over $500 of that per day 
for apparatus to get broadcast signals. 

If it seems strange that the public of a city of 200,000 should 
spend $500 per day for broadcast receiving, compare that sum 
with what they spend for printed broadcasts. They probably 
spend five times that amount for newspapers. 

For convenience in figuring, and to be conservative, suppose 
that 200,000 people in 100 square miles (250 sq. km.), pay $360 
per day for their equipment to receive radio broadcast messages. 
That amounts to $15 per hour or 25 cents per minute. Broadcast 
material is not available, and the broadcast listeners are not 
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near their instruments, except during a few hours per day, there- 
fore the cost per minute is higher than 25 cents during certain 
hours and less at other times. In sparsely settled country, the 
value per minute may be relatively higher because the receivers 
may have to be more expensive to receive from longer distance 
or the broadcast time may be shorter or broadcast may supply the 
only rapid news service. On this basis, a price table may be made 
for different densities of population and different times of the 
broadcaster's day. The following chart is an example: 


VALUE OF TIME TO BROADCAST LISTENERS 
VALUE PER MINTUE FROM 


Persons 12 | 8 12 1 

in 100 . M. to A.M. to to 

Square o 1 7 8 to 1 5 
Mile Area |Р. М.Р. М.Р. М. 12 A.M. A. М.А. М. Noon P. M.|P. M. 
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5.00 
5.00 
2.50 
1.00 
0.50 
0.25 
0.15 
0.05 
0.05 


Such а table is useful in considering radio problems of the 
present time, for example: 

A telegram-handling radio station doing а business of $25 
per day or 2 cents per minute cannot be expected to survive if 
if interferes during the period when the broadcast listeners’ time 
is worth many times that amount. 


OBSERVED AND REPORTED INTERFERENCE 


To find out what is interfering with the public, it is neces- 
sary to communicate more or less directly with the public. 
This was done particularly in Seattle, Washington, by making 
observations and inquiries, by giving out typewritten question- 
aires, and thru the printed columns and radiophone broadcasts 
of the Seattle ‘‘Post-Intelligencer.”’ 

On Sunday, November 12, 1922, the Seattle “Post-Intelli- 
gencer,” which has a Sunday circulation of about 140,000, 
printed an article which was preceded and followed for several 
days by broadcasting. The wording of the article and broad- 
casts was about as follows: 
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"What Interferes With Receiving The 
Post-Intelligencer Broadcast 


“The Post-Intelligencer and R. H. Marriott, Naval Radio Aide 
are trying to find out what are the worst sources of interference 
with the receiving of the Post-Intelligencer broadcasts. The pur- 
pose is to find ways of reducing or eliminating these interferences. 

"Following is a list of interferences which have been noted. 
Please put a number “опе” beside the interference that bothers 
you most and a number “two” beside the next worst interference, 
and so on thru the list. Also please write any additional inter- 
ferences or remarks, and your name and address on а piece of 
paper and attach it to the marked clipping and mail them to 
the Radio Editor of the Post-Intelligencer. The address of the 
place where you receive the broadcasts is the one which will aid 
us in finding the zones of different kinds of interferences.”’ 


Sources of Interference 


Seattle Radio Station, KPE. 

Navy Radio Station at Seattle, NVL. 

Navy Spark Station at Keyport. 

Navy Arc Station at Keyport. 

E ENE Station at.......... 

Amateur Spark Station at.......... 

Amateur C. W. Station at.......... 

Broadcast Station at.......... 

Leaky insulators on high voltage power line. 

Hum from light circuits. 

Electric Elevators. 

Street Cars. 

Milwaukee Electric Trains. 

Telephone Ringing Circuits. 

Wire Telegraph Lines. 

Factory Motors. 

Regenerative receivers belonging to neighbors. 

Annunciator systems. 

Neighbors tuning, or connecting and disconnecting their 
receivers. 

Switching lights on and off. 

Static. 

These reports or copies of them will be turned over to Mr. 
Marriott. Mr. Marriott as Naval Radio Aide, a director of THE 
INSTITUTE OF RADIO ENGINEERS, and a member of several 
engineering and scientific societies, is in a position to co-operate 
with you thru the ''Post-Intelligencer" for the reduction of 
interference. 

As some interference can be reduced or eliminated at the 
receiver, it will be desirable for you to include a brief statement 
or sketch of the kind of receiver and antenna you have and how 
loudly vou get the Post-Intelligencer.”’ 


Seattle radio station KPE apparently took first place as a 
producer of interference for broadcast listeners and amateurs. 
379 


It is located at Pier Number 1, not far from the center of popu- 
lation of Seattle, and is а spark station operated by the Port 
Warden's office of the city of Seattle. The caustic remarks and 
more or less specific statements about that station indicated the 
new condition which may be anticipated because of universal 
publie receiving. 

There was a tendency to question the need for such a station, 
and the wisdom of its location and choice of wave length. "There 
were some specific statements to the effect that the station trans- 
mitted unnecessarily, and specifie statements that the station 
frequently called NVL, the Naval station five blocks away, and 
frequently worked with that station altho both stations have wire 
telephone connections. 

NVL, the Naval spark station located in the L. C. Smith 
Building, and also near the center of the Seattle population, 
was not complained of quite so much, yet KPE and NVL were 
spoken of in much the same terms. 

Another indication of the trend of the situation is that it 
seems the broadcast listeners at first blamed nearly all of their 
interference on the amateurs, and particularly the interference 
from KPE and NVL. But now the amateurs have largely 
changed to continuous wave operation, and have apparently 
more or less advised the public as to where the actual interfer- 
ence comes from. 

With these two stations as they are, and broadcasting as 
it is, they probably will always interfere with amateurs and 
broadcast listeners if either of these two stations work any time 
between 10:30 A.M. and 1:00 A.M., and will cause a maximum 
of irritation by working between 5:30 P.M. and 11:00 P.M. 

The Naval spark station at Keyport, about ten miles (16 km.) 
from the western waterfront of Seattle, is farther away from all 
parts of Seattle and operates on longer wave lengths. Only one 
person mentioned interference from this station. He was an 
amateur living in the part of Seattle nearest to Keyport. 

The Navy are station at Keyport produced harmonics. 
These harmonics, when summed up in the usual types of receiv- 
ers, produce what is called '*mush."? In special receivers built 


2 “Mush” in Ohio means a mixture of corn meal and water. “Mush” 
in the Northwest may mean any kind of breakfast food, usually rolled oats. 
“Mush” in Alaska means something like ‘‘move-along.”’ Some ople sav 
“Mush” to dogs when they mean “Sit down" or “Lie down." Ohio mush 
mixed and fried in Pennsylvania with pork scraps produces what is called 
"Serapel." “Scrapel” may be a better name than “mush” for scrambled 
harmonics.—R. H. M. 

Mr. Marriott's search for a sufficiently expressive term for harmonic 
emissions is significant of the seriousness of the problem.—EbpiToR. 
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for finding them, each harmonie “whistles” or “squeals” like 
any other continuous wave beat. 

The Keyport arc harmonics damaged the quality of local 
broadcast receiving in some parts of Seattle and interfered 
materially with long distance broadcast and amateur re- 
ceiving. 

From November 22, 1922 to November 28th, an experimen- 
tal harmonic reducing circuit was put into operation at Keyport 
while handling the regular station traffic. A special schedule, 
sending ''V's" was operated on Sunday, November 26th, from 
10:30 A.M. to 11:00 A.M., and from 2:30 Р.М. to 3:00 P.M. 
The publie was advised of this thru the columns and broadcasts 
of the '*'Post-Intelligencer," and volunteer observers were noti- 
fied by mail asking all to report. The reports were to the effect 
that the harmonies did not interfere, altho some harmonics could 
be found with sensitive receivers. "These reports agreed with 
our findings at three observing stations on three kinds of antennas, 
nine miles (14 km.) from Keyport. 

To avoid the crowded arrangement at Keyport, an upper 
floor was built, and the experimental apparatus more sub- 
stantially rebuilt and operated on regular traffic from De 
cember 5th to 13th. This apparently reduced the harmonics 
still further. 

Another experimental arrangement was put into operation on 
the night of December 14th. This arrangement apparently gives 
still greater efficiency and practically eliminates twenty-five or 
more of the objectionable harmonics. Apparently the Keyport 
station no longer interfered with the reception of any wave 
lengths below 1,000 meters when the receiving station was lo- 
cated nine miles (14 km.) or more from Keyport. We are now 
working on a revision of this circuit. It is possible that the har- 
monics may be eliminated above 1,000 meters, leaving only the 
5,400 meter fundamental. 

When changes are made in experimental harmonic reducers, 
another ordinary arc is used at Keyport and this brings in reports 
of harmonic interference. Lack of space and limited appropria- 
tions may make it necessary to use this ordinary are at times 
when the arc equipped with harmonic reducing circuits requires 
repairs. 

Obtaining information thru the printed and spoken broad- 
casts of the ‘‘Post-Intelligencer’”’ indicated how far-reaching such 
broadcasts are. A man living about seven hundred miles (1,120 
km.) from Seattle, in the United States, reported that receiving 
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local broadeasts was interfered with and long distance broad- 
casts eliminated when an arc station in his vicinity was operated. 

The amateur spark stations have been changing to continu- 
ous waves stations. The amateurs get together. They form 
clubs and quarrel, and form new clubs. There must have been 
fifteen such clubs in a series in Seattle in the last seven years. 
But they keep on getting together and their average perform- 
ance creates co-operation which differs from that of any other 
class of radio users. 

The continuous wave and interrupted continuous wave 
amateur stations seem to be a decided improvement over the 
spark stations. However, some of them produce energy on such 
wave lengths as 400 meters and interfere with broadcast listeners. 
And dot-dash с. w. (continuous wave), or modulated c. w. or 
1. c. W. Is not c. w.; it is between the spark set and c. w. set in 
effect, so far as tuning out is concerned. Also the use of par- 
tially rectified alternating current for the plate circuit seems to 
have been the cause of some interference. And the amateur 
wave length is so close to the broadcasting wave length that a 
great deal of interference results, especially when the amateur 
is à close neighbor. 

A 5-watt c. w. telephone and telegraph station, about 600 
feet (180 m.) from a broadcast receiving station spoiled all broad- 
cast receiving. It came in more loudly with broadcast receiver 
set to 400 meters than when adjusted to 200 meters. 

The broadcast stations in Seattle apparently were well 
enough scheduled as to time, so that they seldom interfered 
with one another. They do, of course, prevent receiving distant 
broadcast stations if such local stations are nearby and on nearly 
the same wave length. 

They, too, were reported for producing harmonics оп 180 
to 200 meters, which interfered with amateur receiving. It may 
be mentioned that we had difficulty in some cases in finding 
harmonics from the Kevport are station because they were 
drowned out or broken up by the fundamental and harmonics 
from a broadcasting station. 

Leaking insulators on high voltage power lines produce inter- 
ference. Fifty to one-hundred-thousand volt overhead wires are 
not uncommon in this country. Altho the annual rain fall near 
Seattle is only about thirty-four inches (86 em.), most of the rain 
falls slowly and continuously, especially during the winter. The 
high voltage discharges over the wet insulators in a mild or 
violent manner depending on the amount of water on them, the 
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voltage, and the size and quality of the insulators. Similar 
buzzes or crashing sounds can be heard in the broadcast re- 
ceivers. When a 60,000 volt line is within two hundred feet 
(60 m.), it may sometimes render unintelligible a broadcast from 
a 50-watt station located ten miles (16 km.) away. 

The operators of high tension lines use lighting arresters which 
they charge at certain times each day. One.company charges 
its arresters at about 9:00 P.M., producing three long loud 
crashes that wipe out part of what is sometimes the best broad- 
cast reception of the day. 

The hum from electric light circuits is annoying in many 
cases where the house wiring is not in iron conduit, and par- 
ticularly where the two sides of the light circuit do not run along 
together, and thus make a "loop transmitter" with 60-cycle induc- 
tion. In some cases, the radio receivers or antenna are placed 
more closely than necessary to the wiring of other circuits. 

In one case it was noted that street car circuit interference 
was very bad when the cars were within a few hundred feet (a 
hundred meters), and objectionable when they were within а 
half mile (0.8 km.). 

Telephone ringing produces interference in many cases. 
Switching lights on and off produces clicks. Wire telegraph lines 
and annunciator systems produce interference at some locations. 
Motors and generators sometimes create interference. 

Neighbors tuning, or connecting and disconnecting receivers 
have an effect, but usually it is only apparent as a slight change in 
strength or quality of the received broadcast. X-ray equipments 
occasionally produce interference over a distance of from a few 
hundred feet (about 100 meters) to a mile (1.6 km.) or more. 

Regenerative receivers belonging to neighbors are usually 
close-by transmitters that cause a great deal of interference. 
Sometimes, when they are of the so-called three circuit type 
(three separate windings), they do not transmit so much. When 
they use a radio frequency amplifier ahead of the regenerative 
circuits, they may not transmit interference. In some cases, 
when the neighbors use one or two radio frequency amplifiers 
and not the usual regenerative arrangement, the radio amplifiers 
regenerate and transmit some interference. Careful receiving 
operators, who use the receiver in a regenerating condition Just 
long enough to pick up the whistle of the broadcasting station 
they are after, sometimes cause considerable interference if they 
fail to get that station on the first trial. 

Static in the vicinity of Seattle is much milder than in other 
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parts of the United States. Thunder storms are not so frequent 
as in other parts of the country. For local broadcasts, static 
seems to have been a minor interference in Seattle during the sum- 
mer of 1922. For receiving long distance broadcasts, it interfered 
quite decidedly at times. 


SUGGESTIONS FOR REDUCING INTERFERENCE 


Now that a suggested method for measuring the interference 
to broadcast listeners has been proposed, using the dollar as the 
unit for measurement, and since various sorts of interference 
have been outlined, the next step would seem to be to suggest 
ways and means for reducing the interference. Some reduction 
has been made while the material for this paper was being gath- 
ered, particularly in connection with the arc harmonics from 
Keyport. This reduction of arc harmonics may be some com- 
pensation to the publie, and indirectly to the ''Post-Intelli- 
gencer," for their help in gathering data on the subject. 

Human beings have to do with the production of all the 
interference noted above, except static. Static is not affected by 
a dollar argument,—it is non-human. 

Static, and such interference as fellow humans cannot be per- 
suaded to discontinue, can be decreased and sometimes elim- 
inated at the receiver. Screening, directional antennas, and 
tuning may be used as fortifications against such interference. 

Putting all building circuits in continuous and well grounded 
iron conduit screens off a large part of the interference from 
these circuits. Putting all of the receiving apparatus, except the 
antenna and control handles, in a grounded sheet or screen metal 
box decreases local disturbances. 

Àn ordinary antenna in combination with a rotatable loop 
antenna may be used to reduce or eliminate interference from 
any one direction. "This arrangement has been occasionally 
described in print. It is especially fully discussed by Mr. G. W. 
Pickard and others in a recent paper.? While this paper describes 
static chiefly on long waves and in connection with its elimination, 
thereby finding the direction of the static source, it is usable for 
short waves in cutting out undesired stations and other inter- 
ferences. The loop alone is useful in cutting out interference. 
However, to use the loop, usually requires more amplifiers than 
for an ordinary antenna. For accurate directional work using 
both antenna and loop, a very small ordinary antenna serves 

3 "Static Elimination by Directional Reception," by G. W. Pickard, 
PROCEEDINGS oF THE INSTITUTE OF RADIO ENGINEERS, volume 8, number 5. 
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best to balance the loop. However, a large ordinary antenna 
can be used by employing loose coupling when balancing. The 
balanced arrangement decreases the interference and makes the 
signals about twice as strong as with the loop alone. By increas- 
ing the coupling, the signals can be made about as strong as by 
using the ordinary antenna alone or even stronger, and the dis- 
turbance is usually somewhat weaker than with the antenna 
alone. If the disturbance is from a source in about the same 
direction as the source of the desired broadcast, the directional 
arrangement is of little value. The short waves used at present 
and lack of space for revolving loops make uni-directional arrange- 
ments more or less impractical. However, it is quite possible that 
longer waves will be used and that future houses will be designed 
to accommodate larger radio equipment. Using the loop alone 
in local broadcasts apparently often gives a pleasant reduction 
of interference. The loop does not pick up so much interference 
from sources at right angles to it. 

Using the ordinary antenna, combined with the loop tuned 
to over 1,000 meters, for uni-directional effects, at two points 
simultaneously (Astoria and Bremerton), the triangulation re- 
sults obtained in 1920 indicated Mt. Rainier as the chief static 
center in this section. One year’s daily observations at Bremer- 
ton and observations at a point east of Ketchikan, Alaska, also 
indicated Mt. Rainier as the chief static center for this locality. 

Tuning in the receiving instrument reduces some kinds of 
interference. Tuning arrangements are repeatedly described in 
publications. Thus, Mr. Frank Conrad has recently described 
tuning in a somewhat different manner using a simple single coil 
and regenerative feed back.‘ 

Some of the interference of human origin can be corrected 
by simply notifying the management of whatever organization 
is operating the interfering device. The management may not 
know about it or may not want to make a change without specific 
complaints on which to base the action. And the actual operator 
may not be in a position either to correct the situation or tell 
the management about it. For example, the charging of the 
lighting arresters by the power company at 9:00 P.M. might be 
changed to 6:00 A.M. if somebody wrote to the General Manager 
of the power company. 

Harmonics and poor transmission from broadcast stations 
will probably be eliminated by those broadcasters who find that 


4 ‘Radio Receiving Equipment," by Frank Conrad, PROCEEDINGS OF 
THE INSTITUTE OF RADIO ENGINEERS, Volume 10, number 6. 
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they are succeeding. They will eliminate their weak points to 
become more successful. Therefore the solution seems to be to 
encourage the broadcasters that have the natural attributes for 
success. For example, the newspapers should be one industry 
that is naturally fitted to succeed because newspapers always 
have been broadcasters of printed words. They know what the 
publie wants and have facilities to get what the public wants. 
And their oral broadcasting can augment their printed broad- 
cast and vice versa. 

Some of the interference from radio stations can also be 
corrected by notifying the management. For example, one of 
the rumors encountered when asking for data on the interference 
situation, was to the effect that one influential man was having 
operators copy the traffic sent by the Seattle radio station. If 
he does that, and the copies and logs show any amount of ob- 
viously unnecessary sending on the part of that station, then 
turning copies over to the mayor or council with an explanation 
of the obviously unnecessary interference should produce results. 
It would be beneficial also if such observers would supply the 
local Radio Inspector of the Department of Commerce with а 
copy. If the law is not being violated, the Radio Inspector can- 
not do anything now, for it appears that a great amount of 
unnecessary interference can exist under the present law and regu- 
lations. But if the Department of Commerce has evidence 
showing the existence of such unnecessary interference, the 
Department will know what kind of laws to ask from Congress. 
Furthermore, if the observer were to send a copy of his records 
and a letter asking for better radio laws to his Senator and Rep- 
resentative, it should help in causing Congress to pay attention 
to the subject. The more letters and reports of radio interfer- 
ence sent to Congressmen, the sooner they will act. Апа changes 
in laws and regulations seem to be of primary importance to 
reduce interference. 

Reports of interference by the Navy may be sent to the 
Secretary of the Navy at Washington or the Commandant of 
the Naval Distriet in which the interfering station is located. 
Interference by a commercial station can be reported to the 
manager of the operating company. Interference by amateurs 
can be reported to the amateur or the local amateur club. In 
all cases, copies should help if sent to the local radio inspector 
or the Department of Commerce at Washington and to Congress- 
men at Washington. 

By deciding on а standard measure of value for the use of 
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the ether, and by providing working charts for zones of popula- 
tion, kinds of service, wave length, and time, it should be possible 
to make laws and regulations that can be used with the charts 
to prevent interference. 

It appears that telegram handling stations could: 

(a) Schedule & considerable portion of their traffic for 
the time between 1:00 A.M. and 7:00 A.M. 

(b) Use stations that are not near a large center of popu- 
lation. 

(c) Put their overland business on the wires. 

(d) Employ operators who get traffic thru without re- 
peating. 

(e) Change spark sets to continuous wave sets. 

(f) Eliminate harmonics. 

If these things are feasible, they should be required by a new 
law. 

The new law should provide for many things; for example: 
that a receiving station be a receiving station and not a trans- 
mitter of continuous waves as it is when the tickler regenerates 
into the antenna. And very careful law-making attention is 
apparently necessary in considering the amateur and broadcast 
listener. 

The amateur and the broadeast listener are neighbors, 
neighbors in wave lengths and in their homes. When the amateur 
transmits, he is an undesirable neighbor. One solution would be 
for somebody to move, but apparently there is no neighborhood 
that is not occupied by broadcast listeners or amateurs (or soon 
there will be no such neighborhood). 

For one or the other to move to another neighborhood of 
wave lengths has objectionable features, but it seems to be the 
most practical thing to do. 

There are those who suggest that the amateur should keep 
still all of the time or at least during broadcast periods. That 
will not do because amateur operating has proved its value, and 
the most practical time for the amateur to work is between dark 
and a healthy bed time hour, which period is also the most prac- 
tical time for the greatest number of broadcast receivers to listen. 

The amateur has proved his worth to the government and to 
commercial radio, and therefore it seems that the government 
and commercial interests should give up an ample wave length 
range into which broadcasting can move. 

It seems that quite a number of longer wave lengths should 
be set apart for broadcasting, so that it will be possible to listen 
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to a distant station when local stations are working and so that 
different kinds of broadcasting can be picked up on different 
wave lengths. Also provision probably should be made for the 
possibility that one central high power station may broadcast. 
excellent programs which will be picked up, relayed, and re- 
broadcasted at numerous points. 

December 27, 1922. 


SUMMARY: A brief history of the development of interference with radio 
receiving is outlined. The present change in the interference problems caused 
by the number of broadcast listeners is discussed. The suggestion is made that 
each kind of radio service be given a value in dollars and cents as a basis for 
eliminating interference. Estimates are made, and a charge submitted show- 
ing the per minute value of freedom from interference, to broadcast listeners, 
according to the population and time of day. Various sorts of interference to 
broadeast listeners are listed and described. Suggestions are offered for elim- 
inating or reducing interference. 
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DISCUSSION 


John R. Tolmie: I believe it is argued abroad by manufac- 
turers of quenched gap transmitters that such transmitters when 
well constructed compare favorably with, or are superior to, tube 
transmitters. Is it known whether they аге advancing such an 
argument in this country? 


Robert H. Marriott: So far as I know, the foreign quenched 
gap manufacturers are not prominently represented in this 
country at present. On what do they base their claims? 


John R. Tolmie: Part of their argument is that the tube 
transmitters cause about as much interference as do quenched 
gap transmitters. 


Albert Kalin: Makers of tube transmitters want to get the 
most out of them at smallest cost, and in doing this they produce 
arrangements that transmit harmonies and other interferences. 


T. M. Libby: Cannot the tube transmitter produce good 
efficiency without using grid bias and couplings that result in 
such interference? 


Albert Kalin: They can approach a theoretical 50 percent 
efficiency, but they want a higher efficiency and endeavor to get 
it by producing sharp pulses in the plate circuit. 


Robert H. Marriott: It seems that efficiency as à whole 
should be based more on lack of interference than it is at present. 


John К. Tolmie: Beat receivers cause a great deal of the 
interference. 


Howard F. Mason: So many listeners listening for long dis- 
tance cause a lot of interference. Broadcasting stations have 
experimental licenses to be used for testing, and they use those 
licenses to call up each other over long distances. Then, too, 
broadcast listeners make their receivers oscillate to pick up those 
broadcasting stations so that they can listen in and hear what the 
broadcasting stations say to each other. 
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ON SUPER-REGENERATION* 


By 
E. О. HuLBURT 


(University OF Iowa, Iowa City, Iowa) 


The Armstrong super-regenerative circuit consists of the 
usual regenerative system, obtained by coupling the plate and 
grid circuits, with the addition of a local variation of relatively 
low frequency which is impressed either directly or indirectly 
on the grid. The explanation of the action of this system, set 
forth clearly by Armstrong,' may be given briefly as follows: 
In the absence of the low frequency variation the circuit would 
oscillate spontaneously at a radio frequency which is tuned to 
be either exactly or closely that of the incoming signal. The low 
frequency variation, however, introduces periodically a negative 
and a positive resistance into the radio oscillatory circuit and is 
found either to prevent the radio frequency oscillation entirely 
or to reduce it to a negligible value. In the presence of a signal 
the radio oscillation begins when the resistance arrives at a nega- 
tive value, and during the interval that the resistance is negative 
builds up rapidly by regenerative action until a relatively great 
amplitude is attained: It is only prevented from reaching ampli- 
tudes sufficient to defeat the action of the circuit by the reversal 
of sign of the resistance. During the interval that the resistance 
is positive the radio frequency oscillation is reduced rapidly to 
zero, and then when the resistance becomes negative once more 
the amplifying action is repeated. 

It has been pointed out by others that the expressions ''nega- 
tive resistance" and “positive resistance" do not perhaps afford a 
clear idea of the action in the circuit altho their general meaning is 
unquestionably correct. À more precise description of the action 
might be obtained by considering that the effect of the low fre- 
quenev variation is to shift periodically the operating value of 
the grid potential so that the characteristics of the tube change 
periodically, at one moment the characteristics being such that. 
the circuit is free to oscillate, corresponding to the negative 
resistance case, and at another moment being such as to prevent 
oscillation, corresponding to the positive resistance case. 

A simple mathematical analysis brings out some essential 


* Received by the Editor, February 21, 1923. 
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features of the super-regenerative action. 

Let f be the frequency of the signal and of the radio frequeney 
renegerative circuit, and let F be the frequency of the low fre- 
queney variation. For simplicity we shall assume that the vari- 
able resistance drops sharply to a finite negative value and re- 
mains there for an interval of time 1/8 F, where P is a number 
greater than 2. This assumption, of course, is not a statement 
of the actual case, for in reality the resistance both descends to 
the negative region and ascends therefrom as a continuous func- 
tion. However, by the introduction of the multiplying factor P, 
the rather complicated action. which really takes place may be 
represented in the theoretical way just mentioned. We denote 
by ej, the grid voltage caused by the signal at the beginning of the 
time interval 1/3 F. Because of regenerative action, the grid 
voltage will increase rapidly according to an exponential law, 
which is the usual expression for this type of cumulative action. 


We may then write kft 
€ = €1 Е Й 


where e is the value of the grid voltage at the time t and K is the 
constant of regeneration. k also contains the factor 2z resulting 
from defining f as a frequency. The average value FE, of e over 
the interval 1/f Е is given by 


kf | 
РСА F ( ве 
п-ве] €1 ee (e —1)}- (1) 
о k f 
For a second signal which produces a grid voltage e», and which 


differs from the signal corresponding to e; only in intensity, the 
average value E, of the amplified grid voltage is such that 
k f 


BF 
nent) 


Then 1 _ 1 
Е, 7 e^ | 
This shows that the amplification produces no distortion. This is 
in agreement with observation, for it isknown that thesuper-regen- 
erative system amplifiesradio telephone signals without distortion. 
The influence of the frequency of the resistance variation 
also appears from equation (1). Suppose that the same signal 
is amplified by super-regeneration using resistance variation 
frequencies F’ and F”, which give rise to amplified average grid 
voltages E' and E", respectively. Then, if other factors are con- 
sidered constant in the two cases, 
E' F' вв 225] 


ГА = a 
E' F" . kf 
"BF" — l 
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Since k f/B Р is a quantity much greater than unity, for if it 
were not the super-regenerative circuit would not amplify, this 
expression reduces approximately to 


E Fr a c) (2) 


In the usual detector action the rectified component of the 
plate current corresponding to an impressed grid voltage is, to a 
first approximation, directly proportional to the square of the 
impressed grid voltage. The intensity of the sound heard in the 
telephones is directly proportional to the square of the rectified 
plate current. "Therefore, the intensity of the sound is directly 
proportional to the fourth power of the impressed grid voltage. 
Denoting the sound intensity by I’ and I” for the two cases under 
consideration we have from (2) 

I’ F’ P * 

I” ype | | 
From this we may expect the intensity of the signal heard in the 
telephones to increase very rapidly as the frequency of the re- 
sistance variation is decreased. А similar argument may be 
followed out in the case of the signal frequency, and the con- 
clusion reached that, other things being equal, the intensity of 
the signal heard in the telephones increases in à marked manner 
aš the signal frequency is increased. These conclusions are in 
accord with qualitative observation. 

In spite of the numerous simplifieations and variations of 
Armstrong’s super-regenerative circuits which have been pub- 
lished (see, for example, recent numbers of “QST’’), the author 
ventures to draw attention to the circuits of Figures 1 and 2. 
These systems were found very useful for a laboratory or class 
demonstration, being simple to assemble and operate and appear- 
ing to retain the amplification and selectivity characteristic of 
the more elaborate super-regenerative systems. The circuit of 
Figure 1 was the usual radio frequency regenerative receiver 
circuit with the addition of the low frequency circuit L, Ca. The 
air condensers C5, C3, and С, were each variable from 20 to 1,000 
ниё. The cylindrical coils L, and Ls, 17 cm. (6.7 inches) in 
diameter, each consisted of 22 turns of wire. L. was a honey- 
comb coil of 1,250 turns and of inductance about 0.1 henry. 
This arrangement was effective in receiving outside signals. The 
circuit of Figure 2 was a simple oscillatory circuit with the low 
frequency circuit Ls Сз introduced into the filament connection. 
C» and C} were air condensers variable from 20 to 1,000 4 4f, and 
the coils L, and Ls were each of 15 turns of wire on a cylindrical 
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FIGURE 1 


FIGURE 2 


form 17 em. (6.7 inches) in diameter. Ls was the honeycomb 
coil of Figure 1. This circuit was interesting rather for its =im- 
plicity than for its usefulness as a receiver of signals. 
Physical Laboratory ; 
University of Iowa 
February, 1923 


SUMMARY: A simple mathematical analysis of super-regeneration yields 
conclusions, in accordance with observation, that the super-regenera t!" 
system amplifies without distortion and that the amplification increases with 
increase of signal frequency and with decrease of variation frequency. А 

Two single tube super-regenerative circuits, interesting because of che 
.simplicity, are described. 
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LOOP UNI-DIRECTIONAL RECEIVING CIRCUITS FOR 
THE DETERMINATION OF THE DIRECTION OF 
ATMOSPHERIC DISTURBANCES* 


By 
L. W. AUSTIN 
(UNITED STATES NAVAL RADIO RESEARCH LABORATORY, WASHINGTON, D. С.) 
(Communication from the International Union of Scientific Radio 
Telegraphy) 
(American Section) 
The swinging frame or loop of 15 turns, 30 ft. (9.15 m.) long, 


8 ft. (2.44 m.) high and 4.5 inches (11.9 ст.) spacing is shown 
in Figure 1, while the circuits used are shown in Figure 2. The 


9.1 AME 
30° 6 


FIGURE 1 


parallel tuned circuit in the antenna simplifies the tuning of long 
waves on the small antenna and also seems to give a better bal- 
ance than is obtainable with series tuning. The resistance Ri, 
*Received by the Editor, March 30, 1923. 
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5,000 to 50,000 ohms, serves to reduce signal strength on the 
antenna to approximately that of the loop, while Rs, 200 to 1.000 
ohms, broadens the tune and enables the coupling to be changed 
without a too rapid shift of phase, thus rendering a complete 
balance easy. The balancing antenna used at different stations 


ñ, 


Figure 2 


varied considerably in size. А single wire 100 ft. (30.4 m.) long 
and 30 to 50 ft. (9.15 to 15.5.) high was found to be satisfactory. 
The arrangement of coupling between the antenna and loop, as 
shown in Figure 2, renders the loop uni-directional. With the 
switch S in one position, signals are received from one side while 
those from the opposite are cut off, while with the switch reversed. 
signals are received only from the opposite side. Similar uni- 
directional combinations can be made between an antenna and 
a pair of underwater or underground wires, or in fact, between 
any ordinary antenna and any type of directional collector. 
For the determination of static direction, the loop is turned 
and the coupling L, L, adjusted so that when the switch S is 
thrown in one direction the static is à maximum, while with the 
switch in the opposite direction, it isa minimum. The absolute 
direction in which the signals are strengthened and weakened 
with the switch in a certain direction is best determined by 
observations on a station in а known direction. When this is 
determined, it is advisable to place а mark on one side of the 
loop corresponding to a mark on the switch, to indicate the sig- 
nals from this side of the loop are strengthened with the switch 
in the marked position. When the general direction of the static 
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has been determined as described, the loop is turned approxi- 
mately at right angles to the indicated direction of the static. 
Then the switch S is rapidly reversed, the loop at the same time 
being moved slowly until the position is obtained where the 
sound of the statie on the telephones is of the same intensity 
with the switch in its two positions. For exact readings the posi- 
tion of the loop expressed in degrees should be observed at which 
a difference in the intensity of the static is just detectable on 
each side of the zone of equality. In the mean position between 
these two points, the loop is exactly at right angles to the static. 
This method of determining static direction is far more accurate 
than that of the simple unbalanced loop (radio compass). In 
fact, good readings can be obtained by the balanced method 
when no difference at all in intensity can be observed with the 
simple loop. 

If à loop of the size described is not found practicable, a 
smaller one can be used provided the number of turns is increased 
so that the product (area of loop) x (number of turns) remains 
practically constant. 


SUMMARY: A balanced loop and vertical antenna method of determining 
the direction of incoming atmospheric disturbances is described. 
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STANDARDS OF CAPACITY PARTICULARLY FOR 
RADIO FREQUENCY CURRENTS* 


By 
J. B. DEMPsTER AND E. O. HULBURT 


(DEPARTMENT OF PHYSICS, UNIVERSITY oF Iowa, Iowa CITY 


An investigation has been made of condensers which may be 
used for currents of radio frequency (as well as of other frequen- 
cles), and the capacity of which may be ealeulated with precision 
from the dimensions. In 1906, the late Lord Rayleigh! sug- 
gested a method of making and using a condenser which would 
enable all errors due to end and lead-wire capacities to be avoided. 
The principle was essentially that of the variable eondenser of 
Maxwell? and required an adjustable condenser so constructed 
that altho its total capacity was unknown the Increase in capacity 
was accurately known. 

Inthe present instance, Ravleigh’s suggestion has been adopted 
with some slight modification for measurements with radio fre- 
quency currents. A condenser of two coaxial evlinders was made 
according to the diagram of Figure 1. The two end pieces A 
consisted of cylindrical cups of brass about 7 em. (2.76 In.) in 
length, each with an interior eup of brass held rigidly and aceu- 
rately centered in the external cup by means of the insulating 
ring band post d of hard rubber. The brass collars a and dises € 
served to keep the evlinders cireular in eross section. The ends 
А fitted on to the section B which consisted of an interior and 
exterior cylinder of brass. The evlinders were held in place only 
by the ends A. The mean inner radius of the outer evlinder was 
4.9232 em. (1.93 in.) and the mean outer radius of the inner 
evlinder was 4.1326 em. (1.63 in.). Connection was made to the 
inner evlinder by means of a brass rod e insulated from the outer 
cylinder. The capacity of the condenser with section B in place 
was measured in arbitrary units on the scale of a variable air 
condenser. Section В was then removed, the ends 4 were fitted 
together and the capacity of the condenser, whieh was composed 
 *Received by the Editor, May 28, 1923. 


1“Philosophical Magazine," 12, 97, 1906. 
?''Fleetricity and Magnetism,” section 127 
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only of the ends A, was recorded on the variable condenser. The 
difference in the two readings was exactly the capacity of section 
B given by the formula. 


P» 
2 log. 
n 


where rs and r, are the radii of the external and internal cylinders, 
respectively, k is the dielectric constant of the medium, and l is 
the length of the section. In the present case k was unity, for 
air was between the condenser plates. Three sections were made 
to be placed at B, their lengths being 31.560, 15,780, and 7.890 cm. 
(12.4, 6.2, and 3.1 in.), so that the respective capacities were 
100, 50, and 25 micromicrofarads. Any of these, either alone or in 
combination with the others, could be fitted between the ends 4. 


FiGunk 1 


No standard condensers were at hand with which these could 
be compared. Measurements of the capacities by means of 
resonant circuits supplied with undamped radio frequency cur- 
rent showed that the 100 „uf. section was equal to four times the 
25 M. Hf. section and to twice the 50 auf. section within the error 
of observation which was less than 0.2 wef. Currents of fre- 
quencies corresponding to wave-lengths of 600 meters and 300 
meters gave the same results. This was considered to be a de- 
cisive and complete verification that the absolute values of the 
capacities of the sections were what they were designed to be and 
that the condensers could be used with confidence with alter- 
nating current measurements. A photograph of the standard 
condenser is shown in Figure 2. | 
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Lord Rayleigh recorded no measurements with this type of 
condenser. We should perhaps remark that a condenser of the 
form of that of Figure 1, in which the section B was insulated 
from the ends А was used by Rosa and Dorsey? in their deter- 
mination of the ratio of the electrical units. Such а condenser, 
however, was of the guard type due to Lord Kelvin, and, therefore, 
was quite different from the one used here. It would be unsuited 
to measurements with alternating currents. 


FIGURE 2 


A semi-circular plate variable air condenser of forty-three 
plates was accurately calibrated and was used thereafter as a 
secondary standard. The dial of this condenser had 100 scale 
divisions and was turned by a worm-screw which had a head 
graduated into 100 parts. Measurements showed that each 
of these parts corresponded to a capacity change of 0.0676 жил. 
This condenser was calibrated by means of the circuit of Figure 3. 
С, was the standard condenser of Figure 1, C; was the secondary 
standard, and C; was a variable air condenser. Current of fre- 
quency about 10° was induced in the circuit by coupling L loosely 
to an electron tube continuous wave generator. The central 
section B was removed from С, so that its capacity was formed 


3“ Bulletin of the Bureau of Standards,” 3, 433, 1907. 
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only by two end sections А, condenser C4 was set at a specified 
reading and the circuit was tuned to resonance by Сз. Section B 
was inserted into Cı, and Сз was reduced untll resonance again 
occurred. The difference in the two readings of C» was equal 
to the capacity of section В. In this manner the secondary stand- 
ard was calibrated step by step thruout its range. The calibra- 
tion curve obtained in this way gave only the capacity corres- 
ponding to the difference in two scale readings. To fix the abso- 
lute value of the capacity corresponding to a scale reading a 
single direct comparison of the primary and secondary standards 
was earried out by the method of substitution. 


JUODOUQU 


FIGURE 3 


The resonance indicating instrument a, Figure 3, consisted 
of a thermo-couple of resistance 4.5 ohms and а d'Arsonal gal- 
ranometer. The galvanometer had a resistance of 121.5 ohms and 
а sensibility of 6X 107° amperes per millimeter deflection at a scale 
distance of one meter. A marine type of suspension was used, 
the period being about one second. This system was quick in 
action and well adapted to measurements of resonance. Re- 
sonance points could be determined with an accuracy. of about 
0.5 paf., as may be seen from a typical resonance curve, curve 1. 
Figure 4. The curve was obtained. bx plotting the variable 
capacity in micromicrofarads as abseissas against the current 
thru the thermo-couple in milliamperes as ordinates. In order 
to increase the sharpness of the resonance curve, and thereby 
the accuracy of the capacity measurement, advantage was taken 
of the fact that the thermo-couple galvanometer svstem 1s one in 
which the deflections are proportional to the square of the cur- 
rent, that is, 1 = ог where tis the current, r the deflection, and 
a а factor of proportionality. The derivative, or sensibility, 
di dr2i д. and is seen to increase in direct proportion to the 
current i. Therefore. by increasing the coupling between L and 
the generating circuit to produce a stronger current, a sharper 
resonance curve was obtained. When stronger currents were 
used the galvanometer moved off the scale. To avoid this the 


402 


suspending fiber of the galvanometer was twisted slightly to 
depress the zero point. Curve 2, Figure 4, illustrates the reso- 
nance curve in this case, the sharpness of the curve being such 
as to enable the determination of the resonance point to within 
0.2 maf., or less. Of course there are many methods of deter- 
mining resonance which are more sensitive than the one just 
described. These methods are for the most part more difficult 
of control and do not lend themselves to rapid observations. 


“Z. 
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It was found that thin metallic dises and small metallic 
spheres suspended in the air could not in general be used as 
standards, for their caleulated capacities (from the lengths of 
the radii) and observed capacities were not in agreement, due 
to unavoidable modification of the electric field caused by the 
connecting wire. In the case of small spheres the calculated 
capacities were 4.18, 7.07, and 8.35 џи. and the measured values 
were 2.2, 4.2, and 5.0 pvef., respectively, after the observed 
capacities of the lead-wires had been subtracted. In the case of 
discs, the calculated capacities were 8.85, 17.7, and 35.4 wef. 
When the lead-wire was connected to the centre and normal to 
the plane of the disc, the observed capacities were 5.7, 13.4. and 
32.2 muf., respectively. If the wire were attached to the edge of 
the disc the measured capacities became 5.9, 13.6, and 32.8 4 Hf., 
respectively. 

The eapacities of small parallel plate variable condensers 
were found to be in close agreement with the values calculated 
from the dimensions and the distance apart of the plates, using 
the usual formula for the capacity of a parallel plate condenser 

403 


with the edge effect correction. Figure 5 shows a photograph of 
one of these condensers. Thick brass plates were used, circular 
in shape, and beveled until the edges were thin. 


FIGURE 5 


We take pleasure in thanking Mr. E. G. Linder for valuable 
help in making the observations. 


Physical Laboratory, 
University of Iowa. 
May, 1923 


SUMMARY: Standards of capacity for use with radio frequency currents, 
made according to a suggestion of the former Lord Rayleigh, are described. 
А simple method of increasing the sensitivity of the thermo-couple galvanome- 
ter system for indicating resonance is mentioned. Metallic discs and small 
tpheres were found to be erratic standards, because of unavoidable effects of 
she connecting wires. “The measured capacities of small parallel plate con- 
densers were in agreement with the capacities calculated from the dimensions. 
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VACUUM TUBES AS POWER OSCILLATORS 


By 
D. C. PRINCE 


(RESEARCH LABORATORY, GENERAL ELECTRIC COMPANY, ScHBNRCTADY, N. Y.) 
PART II 
CHAPTER IV 
PARTIALLY TUNED PLATE CIRCUIT 


Altho circuit design where but one tuning is involved has been 
dealt with in principle, a somewhat more complicated circuit 
than that used as an example may be analyzed because it throws 
light not only on the procedure with more complicated circuits, 
but also on the provision made to avoid parasitic oscillations by 
providing a partially tuned circuit in addition to the fully tuned 
circuit which furnishes the main determination of frequency. 


ANALYSIS OF SEMI-TUNED PLATE OSCILLATOR 


The circuit shown in Figure 31 is useful because of the filter- 
ing effect of the plate circuit in reducing harmonic radiation. 
Before discussing the filter action, the oscillating properties 
require study. | 

Figure 32 is a vector diagram corresponding to this circuit 
diagram. "To understand this diagram, assume the antenna cur- 
rent Ir» flowing in the antenna loading coil Ls. This current 
induces in the primary inductance L, the voltage Ir, X y, due to 
the coupling. The voltage IL, Ху has two components, e, at 
right angles to Iz; Xr; and e, parallel with Iz; Хы. The former 
is the power component due to the antenna resistance. The 
latter represents a wattless interchange between primary and 
secondary circuits. Jz, Хіл is the self-induced voltage in Lı. 
Both Jz, Xx, and Ir; Ху are induced in Гл, so that their sum is 
impressed upon С, and current in C; produces the voltage 
Іс, Хоа. The capacity current Ic, leads its voltage 90° while 
the current in L, lags 90? behind its self-induced voltage. 


* Received by the Editor, March 15, 1923. Continued from PROCEEDINGS 
ОР THE INSTITUTE OF RADIO ENGINEERS, volume 11, number 3, June, 1923. 
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Figure 31—Connections of Partially 
Tuned Plate Circuit 


Since the grid is connected to the antenna coil Le, the grid 
potential will be at right angles to Iz: and the plate potential Е, 
may be made 180° out of phase by proper choice of Cx, giving 
voltage I Хез. 

It is apparent that, as drawn, Im XL, and Ic, Xc, аге not 
equal. In other words the primary circuit is not in tune. How- 


IXe, 


Figure 32— Vector Relations in Partially 
Tuned Plate circuit 
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ever, it is also apparent that an increase in Zr; XL, must be at 
the expense of the e, component of Zr» X y, since e, represents 
the energy transfer which must be maintained. The angle “Db” 
is determined by the ratio between these two, so that the more 
nearly tuned the primary circuit the greater the angle “b.” If 
the primary were entirely tuned, “b” would be 90° and it would 
become entirely impossible to correct this angle by any drop 
across Ch. 

In the other direction, if Хс,/ Хі =4, any second har- 
monic component in the plate current will be in resonance and 
a large second harmonic wave may be radiated. If this ratio 
be greater than 4, a second harmonie current in the antenna will 
be amplified and continuous second harmonic oscillations might 
even be built up, provided the wave length were just twice the 
natural wave length of the antenna. It therefore seems de- 
sirable to keep the tuning point of the primary circuit between 
the fundamental and second harmonic. 

Having avoided accentuating harmonics by not making the 
ratio Хе, Хі too large and the dephasing of the grid by not 
making this ratio too near unity, the amount of harmonic radia- 
tion, for any value of C, say, can be determined by plotting out 
the plate current and making an harmonie analysis of it. This 
current is then assumed to pass thru C; to the primary circuit, 
and the portion of it which finds its way into the antenna may 
be calculated directly. 

Once C, has been made large enough to keep harmonic radia- 
tion with inrequired limits, the whole circuit may be calculated 
exaetly by making a quantitative determination from the vector 
diagram, bearing in mind the values for E, and E, from the tube 
characteristic and that these voltages must be displaced 180? 
in phase. А sample calculation is attached in which this pro- 
cedure has been followed. 

The coupling required by this circuit is normally quite close, 
so that it might be expected to be doubly periodic. When a 
coupled circuit 1s doubly periodic, the two periods are necessarily 
further apart than the natural periods of the separate circuits. 
These periods may, therefore, be well separated. Also the an- 
tenna will respond only feebly to oscillations of the higher fre- 
quency and, since the grid is driven from the antenna coil, it is 
easy so to proportion the circuits that the higher frequency oscil- 
lation will not be sustained. The greater the separation of tuning 
points between primary and secondary, the less is the tendency 
toward double frequency oscillation. 
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APPENDIX TO CHAPTER IV 


CALCULATION OF A PARTIALLY TUNED PLATE CIRCUIT 


This circuit is to feed 20 kilowatts at 2,500 meters into a 
multiple tuned antenna having two downleads. Full power 
requires 46.5 amperes per downlead. The tube requires alter- 
nating potentials of 9,400 volts on the plate and 2,300 volts 
on the grid. No requirements have to be met regarding har- 
monics, so the primary volt-amperes will be made equal to 
approximately 47 times the watts. This results in a value of 
0.004 mfd. for C.. 

Tabulating these figures gives: 


472,500 meters 2 x f = 753,000 radians, sec. 
С. = 0.004 mfd. 1 Lc 
E,,— 9,400 volts iC c 9927 00s 
Е,= 2,300 volts Ij» = 46.5 amperes 


Power = 20 KW. 


The potential across C, will be very nearly E,, so let this 
value be used. Then 
9,400 
[o= 332 
which may also be taken as the value of IL, in this case. 
Knowing the primary current and power transferred thru 
the coupling, e, is given by 
,, _ 20,000 
" 283 
Now Ic, Xc, is to be built up of the three vectors IL, Хі, 
e, and e,, and as e, is only 707 volts and Ic, Xc, is 9,400, we may 
take IL, XL, and e, to be each equal to 4,700 volts without in- 
curring any error of appreciable magnitude. We then have 


= 28.3 amperes 


=707 volts 


AL, = ха = 166 ohms 
166 ' 
Іл = 733.000 = 221 micro-henrys 
X y= AOU vols = 101 ohms 
46.5 amps. 
101 
М = 753,000 ^ 134 micro-henrys 


The angle “a” is now readily calculated and from it the value 
of the plate blocking condenser may be determined. 
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a=sin-! о; = sin—! 0.0752 = 4.33? 


9,409 
I Xc,=9,400 sin a = 707 volts 
20,000 
I- 9.400 = 2.18 amperes 
Хс,=; л = 332 ohms 
2.15 
1 
= 332x753 000 ~ 9.004 mid. 


In order that unity power factor current may be taken by 
the tube, the plate choke must draw a reactive current equal and 
opposite to that taken thru the plate blocking condenser. This 
is given by: 

In,—-Isina-2.13X0.0752 = 0.16 ampere 


9,400 _ 
AL, = 0.16 = 58,700 ohms 
58,700 N 
L; = 153,000 = 78 milli-henrys 


Grid excitation is supplied from the antenna circuit. When 
the antenna coil is on hand, it should not be a difficult matter 
to pick а point on it giving 2,300 volts which is the potential 
required, remembering that part of the voltage in this coil is 
induced by the primary current. 

At 20 kilowatts, the antenna voltage is 30,900 volts, and the 
voltage induced in the antenna coil by the primary is 


IL, X м = 28.3 X101 = 2,860 volts 
These two voltages are practically in phase, so: 
IL, X1, = 30,900 — 2,860 = 28,040 volts 


28,040 — 
Хі, = 16.5 — 603 ohms 
603 
ы = 253.020 — 802 micro-henrys 


CHAPTER V 
PRIMARY GRID COUPLING APPLIED TO DOUBLY PERIODIC 
CIRCUITS 
DOUBLY PERIODIC CIRCUIT 


The possibility of double periodicity has been mentioned in 
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the preceding section, altho the phenomenon has not been 
elaborated. 

When а vacuuni tube is used as a source of oscillations. it 
may furnish power at any of the frequencies for which the circuit 
to which it is attached is resonant, provided the grid and plate 
voltages have components in the proper phase and the losses are 
not too high. А coupled circuit in the general ease has three 
resonant frequencies. 

The analysis of a circuit of this type is given in Pierce, “ Elec- 
tric Oscillations and Electric Waves," Chapter XI, pages 156 to 
159. Refering to Figure 33, the “apparent complex impedance 
of the primary circuit" is given by: 


Z= Р, e n? R jx M? dd (1) 
= +) X (2) 
ЕЁ, = lh + ш R: (3) 
Z 
. Mew. 
X/=X,- m X; | (4) 
where R, and КЮ» are primary and secondary resistances. 
R, R2 
M 
А l 
Ci | C2 


L, L2 


Firre 33—A Doubly Periodic Circuit 


Z, and Z, are primary and secondary impedances consisting 
of inductances Li and Le and capacities С, and С. 

M is the mutual inductance. | 

wis angular velocity of the vectors representing the currents. 

Let it be assumed that the frequencies at which the oscillator 
will tend to run are those for which Z; has no reactive com- 
ponent, or that: 


X. = 0. (51 


If it be attempted to solve this equation by substituting in 
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the values for X;, А», Ze, and soon, a mass of algebraic expressions 
results which is practically impossible of solution and interpre- 
tation. It can, however, be solved graphically and, for the case 
in which the resonant points are close together, can readily be 
solved by tne aid of a simple approximation. 

Let it be assumed that both circuits are tuned by themselves 
to correspond to an angular velocity (w.) and that the three wave 
lengths are expressed as variations from this of (Aw). Also let: 


Mo=Mw.=M. (a constant) | 
X172 Li (Aw) > (6) 
X» =2 La (A w) | 
Тһеп Mo? 2 L (А о) 
А bay НЕА e а = 
2h (A) AERA FR? 


Or 8 Lı L=: (До)? + {2 Li Re? 2 Le M1,*} (À о) = 0 


The three roots of this equation are: 


(А о) «0 and (Aw) = + ду. — i (7) 


Two of these roots may be imaginary, in which case there will 
һе only one wave length. "The necessary condition is: 


M,« Rl (8) 


Using the approximations outlined above, the apparent re- 
actance and resistance of a proposed set have been calculated 
using: 

КЮ» = 0.5 ohms 

M.=1.46 ohms 

Гл = 0.000,443 henry 

La = 0.001,430 henry 

№, =0 

Oo = 115,000 

Desired output 200 ‘kilowatts. 

The values obtained have been plotted in Figure 34. Ai, Ae, and 
Аз are the three points on which the oscillator might run. 

By having the primary tune at a slightly different frequency 
from the secondary, it is possible to shift the resonant points to 
three other values, such as Bi, B», and Вз. 


POWER DELIVERED AT “SIDE” FREQUENCIES 
Let M. be the coupling in ohms used in attempting to run on 
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FIGURE NU Resistance and Reactance of a Primary 
‘ircuit Coupled to a Secondary 


R = L, =0.000,443 henry 
R, zd ohm L, =0.001,430 һепгу 
М, =1.46 ohms w, —115 ‚000 radian sec. 


the “side” frequencies with the two circuits tuned alike. Then, 
if Ме is the coupling required to get the power across on the 
"center" frequency, they are connected by the equation 


4 L2 (Aw)?+ Re? 
М2 = Aa Me (9) 
Now the expression for the side frequencies may be written 
Mo R: 
А m)? = ——"— ——2. 
eR S 


i12 


and substitution of the value of (Aw)? as given by the latter 
equation into the former results in 


M,- Rè (М2—1) (10) 
sud 
D 

Substitution of the values for the proposed set result in an 
imaginary value for M., showing that special means will be re- 
quired to get the power across. 

The criterion of double periodicity with its resulting limita. 
tions upon energy transfer may be more conveniently expressed 
than by the relation mE 
Lı 
Іл 

The two circuits being adjusted to the same period X, = X» = 0, 
and energy transferred from one circuit to the other will be at 
unity power factor. Using the equality 
E, ULM. Li 
Thn = =~ = І, E 
К, R: Lz 
volt-amperes primary are Д?в Li. The energy component is 
assumed not to affect the total appreciably. Secondary volt- 
amperes are from the above 


M, ER 


Ij o L 212 uL Ito L, (11) 
2 


L 
That is, if the secondary volt-amperes are equal to or less than 
the primary, then the circuit is singly periodie. If they should 
be more, provided the frequency remained unchanged, the cir- 
cuit is trebly periodic. 

The maximum power which can be delivered to the secondary 
of a singly periodic coupled circuit is 
1,2 Ro? Lı p 

оза E^ = p: R. ^ 

Р, Р, Р, ! Le 

The power consumed in the primary is J,? R,, therefore the 
efficiency of transfer is 


Lo № 
"RiltRBilb ` 

2 R. + IR, ı Le + fio Lı 

La 

or, rearranging, 
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Efficiency = I (12) 
- R: fü 


w Lo T w Li 
That is, efficiency is equal to the power factor of the secondary 
divided by the sum of the primary and secondary power factors 
for the ease where primary and secondary volt-amperes are equal. 
If the eoupling is less, the efficiency of transfer will also be less. 
The foregoing argument does not exclude the possibility ol 
practical operation with a poly-periodic circuit as will be shown. 


PRIMARY GRID COUPLED CIRCUIT 


It has been demonstrated that, in the case of coupled circuits 
one of which is driven by a thermionic valve, Figure 33, there is a 
critical condition determined by the relation that the volt- 
amperes in both circuits are equal. If there are more volt- 
amperes in the driving circuit, the system will always oscillate 
at one frequency. If there are more volt-amperes in the driven 
circuit, there will be two frequencies at which the system may 
oscillate. In the interests of efficiency and economy of apparatus. 
it is not desirable to circulate as many volt-amperes in the tube 
tank circuit as in the antenna, so that the doubly periodic circuit 
should be used. 

If a thermionic valve be attached to the primary, oscillations 
will take place at frequencies, such that X,’ is zero, for the case 
where grid and plate voltages are displaced 180°, or nearly zero, 
if the 180? relation is not exact, that is: 

M? w? 
Z° 


as given by equation (5). This equation (5) is most easily solved 
graphically and, provided Mw > RV Li / Ls, may have three roots 
two of which represent stable operating points. Figure 35 show: 
p X». On this figure 
Z? 
i M? w? 

are also plotted the corresponding values of = PE Rə. 

Since R: is constant, the variation in the apparent primary 
resistance due to R: represents a variation in secondary current 
The higher the apparent resistance, the higher the secondary o! 
antenna current. Ху is also plotted and the three frequencies 
at which it is zero are indicated by fo, fi, and fo. 

That fo is unstable, appears from the following reasoning 


Х, = Х» 


А 
the general nature of the curves of X, and * 
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Suppose the frequency to increase a small amount from To; then 
that part of the apparent primary reactance due to the see- 
ondary becomes capacitive. This equivalent арас у in series 
with C, gives an equivalent value smaller than Ci. The circuit. 
therefore, has a resonant point still higher and the frequeney 
continues to increase. On the other hand. if the Irequenevy 
e falls below /„ that part of the apparent prim: гу 

actance due to the secondary circuit. is inductive. This in- 
бол added to Ly gives a circuit resonant at a still lower fre- 
quency. "Phe frequency, therefore, always tends to de ‘part from 
fo in the direction of the initial impulse. ( 'orresponding reason- 
ing will show that f, and f. are stable frequencies. 


f N, 
І 
; | M*,? R 
I | 22 е 
А \ 
' Н \ 
X, Inductive \ T 
\ x" : f; 
xe A 


Increasing 
Frequency 


— 
— — — سل‎ å = 


X, Capacitive 


чесне 35 = Apparent Primary Impedance of Coupled Circuits 


It follows that stable frequencies lie on both sides of the zone 
included between the two maxima of the apparent тодетапес 
curve. The stable points may be brought separate Чу ах close to 
the maxima as desired bv tuning primary and secondary to 
different natural periods, the effect being to displace the axis and 
give resonant points at f. fl. and f. The closer the resonant 
point is to one of the apparent. reactance maxima. the greater 
will be the apparent. resistance, and henee second: агу current, 
that it is desirable to secure resonance near these points. 

The frequencies corresponding to the maxima of the total 
apparent reactance curve are functions of coupling, while those 
of apparent primary reactance due to the secondary are not, 
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The latter points are easily determinable and, for fairly close 
coupling, may be used in an approximate calculation to deter- 
mine coupling. 

To solve for the maxima of apparent primary reactance due 
to the secondary, the second term of equation (4) is amplified. 


M? er w — E ) 
йа ана (13) 
№ + (1. о — сс) 


For maxima: 


1 
M2 2l L, a — I 
d X, q M (Q) (1: (O С, B 


Lut aL Lu (14) 
da dw fat + (Log y 
C» o, 


The solution of (14) is somewhat involved, but тау be greatlv 
simplified under the conditions usually encountered. With a 
fairly efficient cireuit, the two maxima will occur near enough 
to fo, so that the mutual inductance in ohms may be taken as 
constant. That is, 

М = Mo (15) 


For such a narrow range, the change in capacity reactance 
with a given change in frequency is equal to the change in induc- 
tive reactance, so that the change in inductive reactance may be 
substituted for the change in capacity reactance. “That is, 

1 1 

v , m , d , (16) 
Cw C (wo + w^) 
where о, о’ = о so that о, is the departure from reference fre- 
quency. (14) may now be rewritten 


L. Oo = + 


шг. aD rm „ a 
do Фоо | Rs? -- (2Loc?) 
Dropping constants 2 M, La in the numerator: 
(Ro? +4 Le? 62) 1—8 Le? wo (Re? +4 Le? vw?) 2 = (18) 
2-4 L wo? (19) 
R» =2 Le wo (20) 
wo = 3i (21) 


To allow a safe margin for stability, a slightly larger value 
of wo should be used, sav: 
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Wo = 4 L, (22) 
or X2=2 Lo «о = 1.5 R. (23) 
Now, if we refer again to (3) 
М? о? 
(3) = + za Ё 


№, is the resistance of the secondary or antenna circuit. Л, 
18 the resistance of the primary or tank circuit. Primary cur- 
rent is selected to give proper tube performance and is otherwise 
a minimum. Primary loss is therefore known, and 


, Primary Loss-- Antenna Loss . 
M MM m (24) 
(Primary Current)? 
We can thus solve directly for M w and M, since w is the required 
angular velocity. Knowing M?w?, we may solve for X, in (4), 
and all quantities are known. 

Where the secondary or antenna system is multiple tuned, 
and the coupling is to only one of the inductances used in tuning 
the capacity, an exact solution is quite involved. However, 
under ordinary conditions, the amount of energv and wattless 
interchange between the circuits is small enough not to change 
the current distribution among the various inductances. If this 
condition exists, the coupling obtained above is merely multi- 
plied by the ratio of total current to the current in that part of 
the circuit to which the primary is coupled. 


OPERATION OF COUPLED DOUBLY PERIODIC OSCILLATOR 


Referring again to Figure 35, it is apparent that when the cir- 
cuit is adjusted to give good output on one of the stable fre- 
quencies, the apparent primary resistance and hence secondary 
current is very low for the other. If the oscillations are started 
by closing the direct current supply switch, they will naturally 
start at the frequency presenting the minimum resistance. This 
is automatically the wrong frequency. Once started at the proper 
frequency, the oscillations are stable, unless seriously disturbed, 
and may be reduced in amplitude to a small value and returned 
without any tendency to change. 

However, if there is a tendency for the frequency to change 
with load, because of the method of connecting the tube to the 
circuit, stability may be momentarily destroved, whereupon a 
permanent change in frequency will occur. In any case, means 
must be employed to cause oscillations to start at the correct 
frequency. | 
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Suppose oscillations are being generated at frequency f." 
the driving tube being connected to form a Hartley circuit, and 
suppose further that a slight decrease in frequency takes place. 
The apparent resistance is inereased. This increase of resistance 
in a Hartley circuit causes the frequency to fall further so that 
there is an element of instability when a Hartley connection is 
used to drive a coupled system and the circuits are tuned separ- 
ately to frequencies below the frequency of oscillation. 

If. on the other hand, the circuits are tuned above the fre- 
quency of oscillation fi’ with a Hartley driver. an increase in 
frequency increases the apparent resistance which causes the 
driver to tend toward lower frequency so that the condition Is 
inherently stable. 

With a Colpitts driving circuit, conditions are exactly re- 
versed, the stable condition being obtained with the circuits 
separately tuned to a frequency below that to be generated. 

The reason that the Hartley and Colpitt’s circuits have ten- 
dencies toward change in frequency is that when the grid exci- 
tation is, for any reason, displaced in phase, the tubes pass watt- 
less eurrent, so that the coupled circuits no longer operate on the 
zero reactive current axis. "This has been explained in Chapter 
III. | 

It is apparent that, if the relative tuning of the circuits is 
changed to correspond to the X axis at X”, there is but one 
point of zero reactive energy f.” at which oscillations must take 
place. At this frequency the apparent secondary resistance is 
very low, hence secondary current is low. Once oscillations have 
started, the tuning may be changed to move the axis to А” 
During this change oscillations are continuously stable and per- 
sist at f.” with large secondary current. This then gives one 
method of starting a close coupled circuit at a useful frequency. 
This method is not altogether desirable for signaling because, 
altho secondary current is controlled over a wide range with 
stability, the "idle" wave has a different frequeney from the 
sending wave, which is objectionable on interference grounds. 


GRID KEYING 

It has already been pointed out that the amplitude of oseil- 
lations may be very much reduced by weakening input without 
changing tuning or stabilitv. Once started, therefore, signaling 
шау be accomplished by varving the strength of oscillations 
maintaining the minimum oscillation by the main tube bank or 
by an auxiliary source. 


It is useful to examine some possible ways of accomplishing 
this result. It has been suggested that the value of grid leak 
resistance might be increased to reduce the amplitude of oscilla- 
tions. Without entering into any extended discussion of the 
oscillating characteristics of a tube under these conditions it is 
apparent that oscillations will take place, for the commencement 
of oscillations takes place when there is no charge on the grid 
condenser and the grid resistance 1s, therefore, immaterial. The 
amplitude of oscillations will be small, because plate current is 
somewhat proportional to grid current, and grid current is kept 
small by high leak resistance. Since the oscillation amplitude 
is small, the grid bias must be small, as there would otherwise be 
no grid current to maintain the bias. An approximate deter- 
mination of tube loss can be made by assuming no oscillations at 
all, that is the limiting case. The plate potential is then the 
direct potential and the grid is at ground. This condition 
eliminates all low impedance tubes which are destroyed quickly 
by full impressed plate voltage with grid at ground potential. 
There are probably no high voltage oscillator tubes made which 
can stand full plate voltage with grounded grid for any con- 
siderable time. 

It should be possible to reduce oscillation amplitude by ex- 
ternal bias. This means is subject to the objection that an 
external bias circuit is not self-starting and oscillations reduced 
to a low value might cease altogether, due to some small change 
in impressed voltage. 


AUXILIARY OSCILLATOR KEYING 


One advantage of an auxiliary source of oscillations is 
that such a source may be used both for starting and keying, 
the main power bank being completely shut down when the key 
is up. If the auxiliary source be a vacuum tube oscillator, it 
must have a separate oscillating circuit of its own. This circuit 
is tuned to the frequency to be obtained and is coupled loosely 
for two reasons. First, it 1s necessary that the coupling be loose 
enough to give but one frequency possibility as driven from the 
auxiliary source. Secondly, when the main set is in operation, 
current in the auxiliary must not increase to such an extent as to 
do it damage. The coupling may be so adjusted that, when the 
main set comes into operation, it will feed back just enough 
energy to the auxiliary circuit to remove the load from the driving 
tube of that circuit. Let us examine the requirements for this 
condition. 
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Let Ja=amplitude of current in the auxiliary circuit while 


used as driver, and 


Is = corresponding current in that part of the main cir- 


cuit to which auxiliary is coupled. 


Ia’ = current amplitude in the auxiliary circuit while it 


is being driven by the main circuit. 


Гу = corresponding amplitude in that part of the main 


circuit to which the auxiliary is coupled. 


Za = impedance of auxiliary circuit. 


2ь = impedance of main circuit in terms of that portion 


to which the auxiliary circuit is coupled. 


[4 


Za | | 
Zy = corresponding apparent impedances. 


Ma=mutual inductance between auxiliary and main 


(25) 


(26) 


(27) 


(28) 


(29) 


(30) 


circuit. 
From Pierce, page 160, equations 31 and 32, for the auxiliary 
driving | 
Е 
Ia Z/ 
I= Maw E 
` Zola! 
Dividing (25) by (26) 
| Ze L- Iw Zo 
Ie Maw ` Maw 
For main circuit driving 
E 
lj = 5 
` Z 
I , жа Ma о Е 
“= Lale 
Dividing (28) bx (29) 
Is _ Za 
а 7 Ma (O 
Since we wish Ja = Ja’ 
_ Ij Maw 


Ia 7, 


(31) 


It is desired to have the entire circuit, as driven from the 
auxiliary source, oscillate at one frequency only. To meet this 


requirement ЕЕ 
Ma о < Ro 
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(32) 


With this condition fulfilled, the oscillations may take place 
at the resonant frequency of both circuits so that 


Zac Ze = Ro (33) 
From (27), (31), and (33): 
Гь Ro _ Ij! Ma w 


Maw Ra (34) 
М.о = | PIS (35) 


(35) subject to the limitation (32) gives the coupling between 
main and auxiliary circuits with which the main circuit current 
may vary from Гь to Гь and just unload the oscillator supplying 
the auxiliary circuit assuming zero regulation. In practice the 
current would rise slightly, but not enough to damage the circuit 
or apparatus. 

The power expended by the auxiliary oscillator will be the 
sum of the J? R losses:in both circuits and can be readily calcu- 
lated from the relations given. It is not certain just what criteria 
control the minimum value of Гь. Its value must be large enough 
to secure quick and reliable starting of the main circuit oscilla- 
tions at the proper frequency. 


. USE ОЕ PLATE CURRENT FOR KEYING 


For moderate power telegraph sets, say 5 kw. to 20 kw., it 
would be desirable to have a method of maintaining small ampli- 
tude oscillations with stability and without excessive loss. With 
this in mind let us examine the effect of resistance in the filament 
ground lead bridged by a condenser. Such а resistance will give 
a grid bias proportional to plate current, because the filament 
will be above ground by the z r drop. Under suitable conditions 
this should give stability and self-starting characteristics. 

To find out what the required conditions are, we shall investi- 
gate the requirements for a 20 kw. water cooled tube, type 
UV-207, using the characteristic given in Figure 36. With a fair 
degree of accuracy the plate current, for negative grid potentials, 
may be obtained from the formula. 


1= 0.29 × 1073 (£+: p 
p 


where 0.29X10-? is a constant obtained by substitution in a 
number of points on the characteristics. # is about 35. In an 
oscillating circuit, there are two components of both grid and 
plate volts, one component being a constant and the other alter- 
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FIGURE 36—Characteristies of Water-Cooled Radiotron Number 109 at 52 
Amperes Filament. Taken by Oscillograph 


nating. The alternating components are proportional and are 


related by the circuit coupling. If A E, and А E, are the alter- 
nating components: 


i+ Аг = 0.29 10% D + СЕ, — À E, + 1А к,г 
p 


= 0.20 x 10 ? Ë np e (c - Ja E, 
n u 


For our purposes, C is determined by the full load adjustment 


and is 0.25. FE, 1х determined by the impressed potential and is 
15.000, therefore: 


. | xi 15,000 . 1 
+ Аз = 0.29 X 10 j DE 785 9 - (0.25 - ss)A E, | : 


Now, RI =r, is the equivalent resistance of the tube which 
-— l 


is apparently negative, so that oscillations will be set up, pro- 
vided ro<r, the equivalent shunt resistance of the load circuit. 
That is, an equivalent circuit may be drawn as in Figure 37. 
“7” is the resistance which, if placed in multiple with resistance- 
less capacity C and inductance L, would give the circuit impe- 
dance. A certain circulating current in L and C sets up a potential 
across rand ro. The energy absorbed by *'7" is 


С.Ж 
W,=— 
ж 
The energy given up by то is 
2 
Wi at. 
Yo 
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FIGURE 37—Negative Resistance of a UV-207 Radiotron 


Therefore, if ro is smaller, there is a net surplus which is stored 


by increased amplitude of the oscillations in L and C. By apply- 


ing a series of values to E,, the corresponding values of A 


can be obtained and a curve plotted, giving this slope which is a 
measure of the negative resistance. Figure 37 shows & curve 
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obtained in this way. Since the normal load corresponds to about 
3,500 ohms, these figures indicate that stable low amplitude 
oscillations should be obtainable at a little over 0.005 amperes 
representing an input of 75 watts. The accuracy of the flow 
equation is hardly sufficient to prove that as low an amplitude 
as this can be maintained. However, it is apparent that low 
amplitude oscillations can be obtained with small loss by a bias 
method. 

To maintain a current of 0.005 requires a grid bias of 425 
volts or а resistance of 85,000 ohms in the filament ground lead. 


ELIMINATION OF ONE FREQUENCY BY GRID PHASING 


If the coupling is such as to give two oscillating frequencies, 
which are fairly well separated, the undesired frequency may be 
discriminated against by the adjustments of the circuit. One 
way of accomplishing this result is as follows: Referring to 
Figure 38: the grid circuit is inductively coupled to the primary 
or plate circuit and is tuned to resonate at a frequency between 
the operating points of the main coupled circuit. For the lower 
frequency, then, the grid excitation is shown in Figure 39-A, these 
phases being correct for oscillation. At the resonant frequency 
of the grid circuit, the vectors are as shown in Figure 39-B. 
Grid and plate voltages are in quadrature and oscillations are 
not maintained. At the second resonant point of the main cir- 
cuit, the vectors are as shown in Figure 39-C. Here the grid 
excitation actually opposes any oscillations at that frequency. 


Lc 
C 
Cp Lp 
M 
M 
Cq Lg + 


igure 38—Circeuit for Use in Eliminating 
Frequencies by Grid Phasing 

With such an arrangement, altho the main circuit is doubly 
periodic, oscillations at the undesired frequency are opposed. 
It is necessary to have the grid coupling loose enough so as not to 
give rise to still further undesirable resonant points. 
SIMULTANEOUS OPERATION АТ Two FREQUENCIES 

The foregoing discussion regarding change of amplitude in 
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FiGURES 39-A, 39-B, 39-C. Plate and Grid Voltage 
Relations for Circuit Shown in Figure 38 


coupled circuits is incomplete in one very important respect. А 
three-element vacuum tube is not limited essentially to oscillations 
at one frequency. On the contrary, in an unsaturated state, it can 
maintain simultaneously oscillations of a great many frequencies. 
The largest factor tending to prevent a multiplicity of frequencies 
is the grid bias. Since the grid is biased so that it can interrupt 
all currents for a considerable portion of a cycle, a predominant 
oscillation can maintain itself by properly synchronized pulses 
of current. Other frequencies in an incipient state die out during 
the period when no current flows and are thus unable to gain 
headway. 

Even tho a circuit be oscillating steadily at one frequency 
and small amplitude, a circuit readjustment intended to increase 
output may render the bias momentarily insufficient to prevent 
the start of other oscillations. If such oscillations meet with 
little energy absorption they will, once started, displace the useful 
frequency. The likelihood of this occurrence is a time function 
of the change in amplitude. No quantitative derivation of this 
function is yet available. 


APPENDIX TO CHAPTER V 


CALCULATION OF A PRIMARY GRID COUPLED CIRCUIT 


The circuit which is to be used is that shown in Figure 38, 
in which one of the resonant frequencies is discriminated against 
by causing the grid voltage to have the wrong phase for oscilla- 
tions at the undesired frequency. It is to deliver 200 kw. at 
16,400 meters, using 10 tubes operating at 15,000 volts direct 
current. The antenna characteristics are those given in Figure 42. 

The tube characteristics as given in Figure 40 and 41 for 25 
kw. output are 

Tube loss=6.6 kw. per tube. 
Alternating plate volts = 9,400. 
Alternating grid volts = 2,350. 
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Efficiency (95) 


Tube Losses (км) 


O 10 20 50 40 
Output ( kw.) 


КїєсвЕ 40—Caleulated Efficiency and Losses for Best Operating 
Conditions of Water-Cooled Raoiotron Number 109 at 15,000 volts 
d.c. (See Figure 36) 


Estimated grid loss 8 percent of plate loss by the method of 
Chapter I. 25 kw. are used as a basis to allow for primary and 
other losses, to give a net 20 kw. per tube to the antenna. 


PRIMARY CIRCUIT 


Since a loose coupling to the antenna is contemplated, the volt 
amperes which must be stored in the primary circuit are 4; 
times the watts, or 2,510 kva. At 9,400 volts this represents a 
circulating current of 267 amperes, and the apparent resistance 
of this circuit, due to the secondary or antenna circuit, must be 
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0000 ов ohms. The reactance of the condenser C, is 


267 =35.2 ohms. The apparent reactance due to the second- 


ary, added to the primary inductive reactance, must equal this 
amount. 


0 10 20 30 40 
Output ( kw.) 


Figure 41—Calculated Optimum Operating Conditions of 
Water-Cooled Raaiotron Number 109 at 15,000 volts d. c. 
(See Figure 36) 


ANTENNA CIRCUIT 


The antenna characteristics are given in Figure 42. The 
primary reactance for various amounts of primary mistuning is 
also plotted. The circuit is certainly doubly periodic, for the 
200,000 

0.5 
аге 633°? х 164.2 = 65,600 kva., as conpared with 2,510 in the 
primary. The minimum coupling which would give 2.81 ohms 
effective resistance in the primary is scen to be between 5 and 
10 ohms, but since the circuit is doubly periodic, enough addi- 
tional coupling must be provided to separate the resonant points 
by an amount sufficient to allow the grid circuit to discriminate 
against one of the resultant frequencies. We will assume 20 ohms 
coupling. Referring to Figure 42, this gives 2.81 ohms apparent 
primary resistance at 99.61 percent frequency. The correspond- 
ing effective antenna reactance in the primary circuit is 7.25 
ohms and the primary is mistuned 10 percent. The primary 
inductive reactance must be 35.2—7.25=27.95 ohms. The 
second resonant frequency is found by extending the primary 
reactance and 20 ohm coupling curves to the right until they 
again cross. This occurs at slightly over 110 percent frequency. 
and this frequency must be discriminated against by the grid 
circuit. The grid circuit will be adjusted to resonate at 109 
percent and will thus eliminate the 110 percent frequency point. 


= 633 amperes, so that antenna kva. 


antenna current is А 


GRID CincuiT 

The vector diagram from which the grid excitation is calcu- 
lated is shown in Figure 43. Starting in the primary circuit with 
Ec, the total drop in the inductance L, is equal to Ec, and may 
be divided into components IL, Хг, due to the self-induction of 
IL, in L, and L, Ху, due to the mutual effect of the antenna. 
I, Xy, may be further sub-divided into E, in phase with IL, 
and E, in quadrature with IL, and therefore in phase with 
IL, Xr, The drop in the plate blocking condenser Eco gives the 
plate voltage E,, lagging behind Ecs, by an angle “b.” 

In the grid circuit Ec, must be 180? removed from E, and 
IL, Хм is 90? removed from Izp. The drop in the grid coil due 
to its own current is IL, Xr, and 180? removed from this is the 
effect of the grid circuit on the primary, an amount which is so 
small that it may be neglected in the calculatior.s and which 
will be automatically taken care of in the final adjustments of 
the set. 

The angle “a” is obtained from the ratio of apparent resist- 
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GRID CIRCUIT 
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FIGURE 43— Vector Diagram of Primary Grid Coupled Circuit 


ance and reactance of the primary inductance when coupled to 
the antenna, or 


a=tan-! 23, = (an-! 0.0798 = 4° 35’ 
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The shunt resistance of the primary oscillating circuit may 
be ealeulated from the voltage and power 
_ 9,400? 
~ 200,000 
If a plate blocking condenser of 0.2 mfd. be assumed, 
impedance 1s 43.5 ohms and 


— 442 ohms 


beta = (lan-! 0.0985 = 5? 40’ 


If the grid cireuit tunes at 109 percent frequency, there will 
be no component of grid voltage in the proper phase to produce 
oscillations at 110 percent and over. Assuming tuning at 109 
percent frequeney the grid circuit voltage diagram may be cal- 
culated by trigonometry for the value of Ec, is known and is 
2,350 volts from the second paragraph in this appendix. The angle 
at the origin is a+b=10° 15' IL, Nu = Ec,X , i woe =1,980 volts. 

With these two sides and angle the remaining side Iz, Ху 
is calculated by trigonometry to be 369 volts and the angle 
c=1°55’. We thus have the voltage diagram complete, altho 
the currents and reactances have not vet been determined. 

The «source of power in this circuit is the voltage IL, X y. 
The current is normal to Ir, Ary. The power factor is 

sind=sin (atb+e) = sin 12? 10' 20.211 

The total power in the grid eireuit is: 

И = ТООБОО О.О 25,280 watts. (See second paragraph of 
this Appendix, and hence: 
Ly= uj ons = (7.8 amperes. 

This represents a circulating wattless power of 159,000 volt- 
amperes which is not apt to affeet materially the primary. where 
2.510.000 volt-amperes are circulating. The length of the vector 


IL, Xy is given by: 


an insignificant figure as previously stated which will be corrected 
in tuning the primary cireuit. 

It will be noticed that the circulating volt-amperes in the 
grid eireuit are much higher than are required for any energy 
storage effect. Two ways are available of decreasing it. First, 


432 


IL, X м may be increased. This means that the natural frequency 
of the grid circuit must be further removed from its operating 
frequency which, in turn, requires 8 larger coupling between the 
tank and antenna circuit to insure against oscillations at the 
wrong frequency. Secondly, the power factor of energy transfer 
to the grid circuit may be increased. This requires that the angle 
(a+b) be increased. “а” is fixed by the choice of primary kva., 
and the equivalent antenna resistance, but “b” may be increased 
by increasing the impedance of the plate blocking condenser. 
The first remedy is open to the objection that high power mutual 
inductances are difficult to build and should be kept as small as 
possible for this reason. Also the less the coupling the fewer the 
harmonics which will be transferred to the antenna. The second 
remedy is also far from desirable since it may lead to unexpected 
complications of а parasitic nature. Hence there are three fac- 
tors in this circuit—grid circuit volt-amperes, coupling between 
primary and antenna, and phase displacement due to plate 
blocking condenser—which must be balanced by the judgment 
of the designer of the set. 


PLATE CIRCUIT 

The value of the plate blocking condenser has already been 
assumed to be 0.2 mfd. or 43.5 ohms. This results in the angle 
"b" being 5? 40'. Now the input current to the oscillating cir- 
200,000 

9,400 
the plate current into phase with E, requires a current in Lc: 
Ір. = 21.3 х sin 5° 40' 22.1 amperes 


As the potential across it is 9,400 volts, its impedance is 
4,480 ohms. 


cuit is = 21.3 amperes in phase with Ec;, so that to bring 


TABULATION OF CONSTANTS 


From the preceding caleulations the values of all the capa- 
cities and inductances may be obtained and arranged in tabular 
form. 

In giving these figures no allowance has been made for the 
fact that the operating frequency is 99.615 percent of the antenna 
frequency instead of 100 percent. This diserepancy will be taken 
care of when the circuit is actually adjusted. The error involved 
is less than the accuracy with which the various coils and con- 
densers can be measured, and final adjustment must be made 
by tuning the various circuits separately with a small oscillator 
and wavemeter. 
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Impe- 


Value 
dance 


9.400 1 face. 39 milh-henrys 
0.2 mfd. 


9.400 ) 5. 0.247 mfd. 
243 micro-henrys 
369 ) | | 12 micro-henrys 
174 micro-henrys 

2.350 | 34. 0.251 mfd. 
1.950 ; ! 254 micro-henrys 


RECAPITULATION OF (`RITERIA 


C, has such a value that 4 х times output watts will correspond 
to a current required to give the proper plate voltage. 

Ma is assumed by inspection of Figure 42 and must be large 
enough to give reasonable separation of resonant points and 
transmit the required power. 

Ce is arbitrarily assumed. The test of its choice is whether 
Lc is found to have a reasonable value and whether proper grid 
phasing can be obtained. 

L, follows from the choice of Ма. 

Le must take as many volt-amperes lagging as Cs takes 
leading. 

The «directions of grid circuit voltage vectors are fixed be- 
cause Ec, must be 180° from E, and IL, Ху must be 90° from 
IL, If the circuit is to tune at 109 percent frequency 


| 1 
IL X1,/Ec,= L09* 


The grid requirements set the length of Ec, and the circuit losses 
determine what the remaining constants must be. 


(To be concluded) 


SUMMARY: Chapter IV. The general method of designing any but the 
simplest of circuits is to draw a vector diagram and then calculate circuit con- 
stants that will give vectors of the proper lengths and directions. This 
method has been exemplified by designing a circuit in'which the grid is tuned 
and contains the load. The plate circuit is magnetically coupled and is par- 
tially tuned to act as an harmonic by-pass. А numerical example of the 
method 1s given. 

Mi Chapter V.—The criteria for double periodicity of two coupled circuits 
are first developed and it is shown that for a singly periodic circuit the second- 
ary volt-amperes cannot exceed the primary. The maximum power which 
can be transferred to the secondary is limited by this requirement. A greater 
amount of energy can be transferred by a closer coupling, which results in 
making the circuit doubly periodic, and tuning the circuits individually to 
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other than the desired frequency. High power will then be delivered on only 
one of the stable frequencies. The method of designing a circuit to deliver 
energy under such conditions is developed. Such a circuit always tends to 
oscillate at the frequency giving least load. It is shown that grid keying can- 
not be used without other modifications of the circuit. Signaling can be car- 
ried on by changing plate voltage, by maintaining a residual oscillation from 
an auxiliary source, by inserting resistance in the high voltage direct current 
circuit between filament and ground, or by discriminating against one of the 
stable frequencies by grid phasing. А doubly periodic circuit may even oper- 
ate at both frequencies simultaneously unless proper conditions are main- 
tained. 
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DIGESTS OF UNITED STATES PATENTS RELATING TO 
RADIO TELEGRAPHY AND TELEPHONY* 


ISSUED APRIL 24, 1923—JvuNEÉ 19, 1923 


BY 
JOHN B. BRADY 


(PATENT Lawyer, Ouray BUILDING, WASHINGTON, D. С.) 


1,452,610— M. Klosner, filed September 2, 1920, issued April 
24, 1923. 

ELECTRICAL CONDENSER having a set of stationary plates 
and a set of adjacent turnably adjustable plates contained in an 
air-tight casing. A weight is connected to the adjustable plates 
for normally maintaining the sets of plates in non-interleaved 
relation. The condenser is mounted with the adjustable plates 
on а horizontal axis thru the center of the casing with the sta- 
tionary plates supported in the upper portion of the casing. 


1,452,849—H. J. Round, filed December 13, 1921, issued April 
24, 1923. Assigned to Radio Corporation of America. 


RADIO TRANSMITTING STATION, in which the antenna system 
is situated at a distance from the generator, as in the case of a 
multiple transmitting station employing a plurality of trans- 
mitters operating simultaneously on different wave lengths. In 
this invention the antenna loading inductances or a portion 
thereof is replaced by a trunk cable extending from the foot of 
the antenna to the generator or power house. This cable is 
shielded from the earth by a system of wires which surround the 
cable in the form of a cage. This саре may be electrically con- 
nected with the counterpoise. 


1,452,925—W. H. Nottage and T. D. Parkin, filed December 18, 
1920, issued April 24, 1923. Assigned to Radio Corporation 
of America. 

RADIO TELEGRAPH CALLING Device having a balance wheel re- 
lay at the receiver. The relay consists of a spring-controlled bal- 
*Received by the Editor, July 3, 1923. 
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ance wheel operated by an electromagnet the circuit of which is in- 
terrupted by the oscillations of the wheel. The relay may be 
unaffected by ordinary received signals, yet when a train of im- 
pulses at predetermined intervals is incident upon the receiver, 
the oscillations of the relay are increased by the impulses suf- 
ficiently to enable it to actuate a bell or other signal or operate 
in some way an electric circuit for the control of apparatus. 
In order to operate the control cireuit the calling signals must 
be transmitted in impulses at regular intervals eorresponding 
to the natural oscillation period of the balance wheel of the 
oscillator. 


1,452,957—E. H. Colpitts, filed August 23, 1916, issued April 
24, 1923. Assigned to Western Electric Company. 

HIGH FREQUENCY SIGNALING circuit for two-way telephonic 
communication where a repeater radio station is arranged to 
receive signals at one frequency and re-transmit the energy at a 
different frequency. The arrangement of the circuits is such 
that useless local cireulation of power at the repeater station 
causing “singing” is prevented. 


1,452,960—W. Т. Ditcham, filed December 18, 1920, issued 
April 24, 1923. Assigned to Radio Corporation of America. 


RADIO TRANSMITTER control circuit for producing signals 
without interrupting the oscillation generator. A primary and 
a secondary circuit are employed in the transmitter and a por- 
tion of one of the windings is extended to transfer energy from 
the primary circuit to the secondary circuit. A key is provided 
for short-circuiting the extended portion of the inductance for 
producing the signals. The extended portion of the inductance 
is relatively small compared to the remaining inductance in its 
circuit whereby the generator will oscillate at substantially the 
same frequency as before, but no direct effect will be imparted 
to the radiating antenna system. 


1,453,267—J. L. Bradford, filed November 29, 1918, issued May 
1, 1923. Assigned to De Forest Radio Telephone and 

Telegraph Company. 

ELECTRON-EMITTING CATHODE AND METHOD OF MAKING 
THE SAME. A filament electrode is described in this patent, 
which discards the idea of coatings on filaments. The new fila- 
ment is formed in a homogeneous mass by mixing together a 
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base material containing tungsten, an oxide and a chloride of 
metals of the alkali earth group, and then amalgamating the mix- 
ture into a solid bar from which the filaments may be swaged or 
drawn. The object of manufacturing the electron filament 
material is to secure а more constant and uniform electron- 
emitting body having greater physical strength and more stability 
than coated filaments now employed. 


1,454,085—E. A. Sperry, filed January 27, 1917, issued May 8, 
1923. | 


ELECTRIC INDICATOR FOR VIBRATIONS OF THE AIR which 
makes use of a long spindling slender gas flame which is acted 
upon by vibrations of air changing its characteristics. А plurality 
of conductors are arranged adjacent to the flame, one being 
nearer the base of the jet than the others and thereby unequally 
heated. Any change in the flame causes increase in the unequal 
heating and changes the conductivity of the conductors which 
are electrically connected to employ usefully the change in cur- 
rent to actuate an indicator. 


1,454,307—A. L. Anderson, filed December 23, 1919, issued 
May 8, 1923. Assigned to Augustus Taylor. 


RADIO TELEGRAPHY using the arc as а transmitter. The 
invention provides a uni-wave arc signaling circuit. А radiating 
antenna circuit and a non-radiating circuit or absorbing circuit 
shunted about the arc generator are provided. Two circuits 
containing resistance and a key are independently coupled with 
each of the above circuits and one closed when the other is 
opened for producing the signals. The closed circuit will al- 
ways contain a substantial amount of resistance. 


1,454,328—A. Meissner, filed September 3, 1921, issued May 8, 
1923. 


RECEIVING ARRANGEMENT FOR RADIO TELEGRAPHY, wherein 
а tube having а common filament, two grids and two plates is 
employed, and a circuit provided whereby the received oscilla- 
tions are impressed on one of the grids and an audio frequency 
oscillating current impressed on the other grid. The incoming 
energy is rectified and amplified and enables the local alternating 
current source to actuate a translating device. 


1,454,532—W. E. Beatty, filed August 1, 1917, issued May 8, 
1923. Assigned to Western Electric Company. 
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METHOD AND MEANS FOE SECRET SIGNALING for rendering 
radio telephonic conversation unrecognizable by the usual re- 
ceiving apparatus. At the transmitter, the frequency of the car- 
rier wave is varied gradually over a pre-determined range. At 
the receiver the received waves are detected by combination 
with a series of similar frequencies and the resultant signals 
combined to operate a reproducing circuit. 


1,454,592—H. В. С. Van De Velde, et al, filed January 7, 1921, 
issued May 8, 1923. Assigned to Radio Corporation of 
America. 


RADIO DinEcTION-FiNDING MEANS FOR AND METHOD OF 
PILOTING AIRCRAFT, wherein the pilot of the aircraft flies the 
machine in a direct line to a radio beacon station located on the 
aerodrome which he desires to find. The direction finder in- 
cludes a pair of coils disposed at right angles with each other, 
one being supported on a wing or plane of the aircraft and the 
other being supported on the fuselage of the machine. A radio- 
goniometer is connected with the loop circuits. The search coil 
of the instrument is mounted to rotate with control wires secured 
to the rudder bar in such manner that when the rudder is moved 
in a clockwise direction the search coil is rotated in a counter- 
clockwise direction always to maintain the circuits in proper re- 
lation for the reception of a particular transmitting station. 


1,454,598—W. T. Ditcham, filed December 18, 1920, issued 
May 8, 1923. Assigned to Radio Corporation of America. 


NuMBER 1,454,598—Radio Transmitter 


RADIO TRANSMITTER having an oscillating valve circuit sup- 
plied from a source of alternating current with a rectifier inter- 
posed between the source of supply and the oscillating valve. 
An impedance is connected in the supply circuit with a key for 
short-circuiting the impedance and making telegraph signals. 
The impedance is of such value that, when it is not short-cir- 
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cuiced during space intervals between signals, the valve will con- 
tinue to oscillate substantially at the same frequency as it nor- 
mally oscillates during signal periods, but will generate only a 
small current compared to its normal working current. The 
purpose of the invention is to eliminate key clicks usually heard 
when keving the valve transmitter. 


1,454,624—C. C. Chapman, filed April 27, 1920, issued May 8, 
1923. Assigned to Augustus Taylor. 

Rapio TELEGRAPHY SIGNALING SYSTEM employing the arc 
generator with a circuit arrangement for signaling by a single 
frequency eliminating the presence of the compensating wave. 
An oscillatory absorbing circuit is arranged to be connected with 
the arc generator with an interrupter for alternately completing 
the absorbing circuit or the antenna circuit at an audio fre- 
quency. The radiating signals have а group frequency within 
the range of audibility so that the groups may be received and 
detected by a receiver which would respond to radio frequency 
continuous waves. 


1,454,629—H. F. Elliott, filed June 6, 1921, issued May 8, 1923. 
_ Assigned to Augustus Taylor. 


RADIO TELEGRAPHY SIGNALING SYSTEM employing an arc 
generator for efficiently transmitting with a single wave. An 
absorbing circuit is employed connected to simulate the char- 
acteristics of the antenna circuit between signals. А plurality 
of “sector secondary circuits" are inductively coupled with the 
inductances in both the antenna circuit and the absorbing cir- 
cuit. A key is placed in each of the segments in the sector cir- 
euits whereby all of the cireuits may be closed or opened simul- 
taneously to change the electrical constants of the oscillatory 
circuits alternately for producing the signals. А connection is 
taken from the central point of the sector circuits to ground for 
discharging the current induced in the sector circuits. 


1,454, 630—H. F. Elliott, filed June 6, 1921, issued May 8, 1923 
Assigned to Augustus Taylor. 


RADIO TELEGRAPHY signaling system employing an arc cir- 
cuit for signaling with a uni-wave. Ап oscillatory circuit is 
shunted around the are generator circuit with a transformer 
coupling the oscilatory circuit with the antenna circuit. А 
keying circuit including inductances and resistances is coupled 
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thru said inductances with the inductance in the antenna cir- 
cuit and the inductance in the oscillatory circuit. The antenna 
and the local oscillating circuits are tuned to the same frequency, 
and by varying the electrical constants of one circuit or the 
other, the arc is caused to oscillate on one circuit to the practical 
neglect of the other. The residual current which usually exists 
in the antenna circuit is reduced by employing the coupling 
between the local oscillatory cireuit and the antenna circuit. 


1,454,652—H. Pratt, filed November 22, 1921, issued May 8, 
1923. Assigned to Augustus Taylor. 


NuMBER 1,454,652— 
lo Frequency 
Transmission System 


RADIO FREQUENCY TRANSMISSION SYSTEM utilizing an arc 
generator connected in an antenna circuit. Ап additional cir- 
cuit is connected across the antenna load circuit which has a 
maximum impedance for the working wave, but which serves 
to by-pass or absorb currents of all frequencies except that re- 
` quired for transmission, and thereby the additional circuit tends 

to suppress the radiation of harmonies. 


1,454,997—G. Greco, et al, filed April 18, 1922, issued May 15, 
1923. 

CRYSTAL DETECTOR formed within a dustproof dome-shaped 
casing which incloses the crystal and а contact wire which is 
bent over and placed in contact with а sensitive point on the 
crystal. The construction is intended to eliminate the necessity 
for constantly readjusting the setting of the detector to main- 
tain a sensitive point. 


1,455,099—W. R. G. Baker, filed January 5, 1922, issued May 
15, 1923. Assigned to General Electric Company. 


RADIO FREQUENCY SIGNALING SYSTEM employing a tube 
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transmitter. The invention relates to a circuit arrangement for 
generating oscillations in the grid circuits of the tubes independ- 
ently of any coupling with the plate circuits. A series condenser 
is connected in the grid circuit and shunted by a resistance for 
maintaining the average potential of the grids negative with 
respect to the cathodes. The tubes are supplied from alternating 
current and an interrupter provided which cuts off the power 
supply to a rectifier, periodically causing the production of 
oscillations in the transmitter tube circuits. 


1,455,141—P. D. Lowell and Francis W. Dunmore, filed March 
27, 1922, issued May 15, 1923. 


` 
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NuMBER 1,455,141—Radio Receiving Apparatus 


Rapio RECEIVING APPARATUS, comprising an electron tube 
receiver wherein the filament and plate circuits are supplied from 
the house lighting circuit, dispensing with the primary and 
secondary batteries which have been a continuous source of in- 
convenience in the past. Means are provided for eliminating the 
alternating current hum from the receiving circuits. 


1,455,458—J. S. E. Townsend, filed October 15, 1916, issued 
May 15, 1923. 

MEANS FOR DETECTING SMALL ELECTRIC CURRENTS particu- 
larly adapted for wave meters. An evacuated bulb having its 
filament connected in series with a choke coil and a battery of 
sufficient strength to heat the filament to a temperature slightly 
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above or below the point of incandescence is employed in a 
series of circuit arrangements. The lamp is in a sensitive con- 
dition to show visually any small change of temperature due to 
the passage thru the filament of small additional current. There- 
fore when any radio frequency at а proper resonant period is 
superimposed on the circuit, the lamp becomes a quantitative 
indicator of relative amounts of energy picked up at different 
frequencies. 


1,455,767 —J. Slepian, filed December 31, 1921, issued May 15, 
1923. Assigned to Westinghouse Electric and Manufactur- 
ing Company. 


NUMBER 1,455,767 —Radio Receiv- 
ing System 


RADIO RECEIVING SYSTEM, using a regenerative feed-back 
circuit adjusted to a point where an increase in the amplitude 
of the oscillations causes a more than proportional increase in 
the feed-back power, tending to maintain the oscillations con- 
tinuously. The unbalanced condition of the system, which is 
effective following the application of the signal impulses, is made 
stable a pre-determined time interval thereafter by means of 
thermally responsive elements having a time lag in their response. 
The maximum amplitude attained by the oscillations at the end 
of said time lag is dependent upon the intensity of the impulses 
tending to unbalance the system. The thermally responsive 
elements are connected in shunt with the coupling coil in the 
plate circuit of the tube and have a high negative temperature 
coefficient and a definite time lag. 


1,455,768—J. Slepian, filed January 20, 1922, issued May 15, 
1923. Assigned to Westinghouse Electric апа Manufac- 
turing Company. 
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N UMBER 1,455,768—Radio Receiv- 
ing System 


Rapio RECEIVING SYSTEM of the regenerative feed-back type 
having a provision for causing the circuit to oscillate intermit- 
tently, the oscillatory current being controlled by the intensity 
of the received signals. A circuit for securing intermittent oscil- 
lations at the receiver by this method is shown in the accom- 
panying cut. 


1,455,781—W. Dubilier, filed December 7, 1921, issued May 22, 
1923. Assigned to Dubilier Condenser and Radio Corpora- 
tion. 

ELECTRICAL CONDENSER in which a plurality of condenser 
sections are employed and connected in parallel thru a light 
fusable conductor so that should any of the sections become in- 
operative by short-circuit, they will be automatically discon- 
nected from the circuit by destruction of the fuse elements. 


1,455,795—L. Logan, filed December 20, 1920, issued May 22, 
1923. 

MEANS FOR CONTROLLING A PRODUCTION PROCESS utilizing 
radiant energy in the form of light waves. Light is directed upon 
a light-sensitive cell, and the amount thereof controlled by a 
mechanical movement which is desired to reproduce by a reverse 
process at a receiver. Many applications of the invention are 
listed in the specification such as the accurate measurement of 
an object, the determination of dimensions of optical glass, the 
control of liquid level in a tank by light reflection, and rotary 
shaft movements. 


1,455,845—N. Lea, filed May 2, 1921, issued May 22, 1923. 
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NUMBER 1 455,845—Modulated Signal- 
ing System Particularly Applicable to 
Radio Signaling 


MODULATED SIGNALING SYSTEM PARTICULARLY APPLICABLE 
TO RADIO SIGNALING, in which an electron tube circuit is pro- 
vided having a source of radio frequency oscillations connected 
in the grid cireuit and a microphone for modulating the source 
also connected in the grid circuit. The grid potential is fixed at 
a negative value of greater magnitude than that sufficient to 
reduce the anode current approximately to zero. 


1,455, 896— L. B. Turner, filed February 9, 1921, issued May 22, 
1923. 

Клио TELEGRAPH RECEIVER arranged for high speed sig- 
naling. The patent points out that receivers are limited in oper- 
ating speed by the slowness with which oscillations die away 
during the space interval immediately following the signal. By 
this invention the receiving circuit is “curbed” by connecting а 
relay in a portion of the output receiver eireutt which automati- 
cally increases the decrement of the oscillatory cireuit when the 
amplitude of the received current reaches the operative value. 
The circuit retains the inereased decrements a substantial time 
during the space interval following the signal. 


1. 156,505-—W. A. Knoop, et al. filed May 12, 1919, issued May 
20, 1923. Assigned to Western. Electric Company. 
ELkecruec DISCHARGE Drvick in which the frame for the 
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electrodes of the tube is imbedded in the glass press of the tube, 
which frame supports the electrodes and also serves to provide 
electrical connections between the electrodes and the terminal 
points on the tube. А block of insulating material serves to sup- 
port the frame wires at the upper extremity thereof. 


1,456,528—H. D. Arnold, filed May 10, 1915, issued May 29, 
1923. Assigned to Western Electric Company. 

ELECTRIC DiscHARGE DEVICE designed so that the elec- 
trodes do not retain an amount of occluded gases to vary the 
vacuum in the tube during the life of the tube. The plate 
electrode is composed of & narrow strip of metal which is folded 
back and forth on itself to provide a ribbon plate electrode free 
from occluded gases, which might be contained in a solid plate 
electrode and which later manifest themselves during the oper- 
ating life of the tube. 


1,456,504—W. С. Houskeeper, filed April 13, 1920, issued May 
20, 1923. Assigned to Western Electric Company, Incor- 
porated. 


ELECTRODE SUPPORTING Device which avoids the necessity 
of wires being imbedded in the glass frame within the tube. The 
wires which support the electrodes are twisted over a glass frame 
and are then secured to the electrodes, avoiding the necessity for 
imbedding the support wires in the glass. 


1,456,595—C. A. Hoxie, filed April 13, 1918, issued May 29, 
1923. Assigned to General Electric Company. 


RECORDING APPARATUS of the photographic type in which 
the incoming signals produce movement of a diafram which in 
turn vibrates a mirror reflecting light on a sensitive film which is 
developed to provide a record of the received signals. 


1,456,867 —F. Conrad, filed May 15, 1919, issued May 29, 1923. 
Assigned to Westinghouse Electric and Manufacturing Com- 
pany. 

APPARATUS FOR THE RECEIPT OF RADIO IMPULSES for radio 
control purposes. The receiving circuit is rendered highly 
selective by dynamically interlinking the receiving relay with the 
antenna thru two local circuits, one of which is tuned to resonate 
to the radio frequency and the other of which is tuned to resonate 
to the spark or group frequency of the transmitter. 
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NUMBER 1,456,595—Recording Apparatus 


1,457,069—L. Levy, filed September 27, 1919, issued May 29, 
1923. 


RECEIVING SYSTEM FOR ELECTRIC Waves, highly selective 
to a particular signaling frequency and substantially unrespon- 
sive to interfering signals and atmospherics. The antenna cir- 
cuit is provided with a succession of frequency-selective circuits 
and a selective amplifier and detector employed. А succession 
of acoustical frequency circuits are then provided for translating 
the signal into a pre-determined audible frequency. 


1,457.447—J. Mills, filed December 22, 1921, issued June 5, 
1923. Assigned to Western Electric Company, Incorpor- 
ated. 


Rapiro RECEIVING CIRCUITS employing successive detection 
circuits and two independently rotatable directive loops con- 
nected in series and tuned to different frequencies. "The circuit 
arrangement enables duplex operation where one loop may re- 
ceive from a local transmitter with an impedance varying ele- 
ment operated simultaneously with the rotation of the loop and 
the other loop may operate on a distant station. 
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NuMBER 1,457,447 —Radio Receiving Circuits 


1,458,153—F. H. Shaw, filed August 20, 1919, issued June 12, 
1923. 


Vacuum TUBE BASE AND RECEPTACLE comprising a cylin- 
drical shell forming the base of an electron tube inturned at one 
end to form a locking flange, and provided with an insulating 
closure molded into sealing relation with the other end of the 
shell. The shell is supported in the insulating material and the 
leads from the electrodes are carried thru the insulated material 
to contacts molded in the insulated closure. The tube base is 
supported in a socket provided with binding posts making con- 
nections with the contacts. 


1,458,165—W. W. Coblentz, filed September 22, 1920, issued 
June 12, 1923. 


SYSTEM OF ELECTRICAL CONTROL employing light rays of 
different coloring. A Wheatstone bridge circuit is emploved at 
the receiver having photo-sensitive cells connected in the arms 
thereof with a relay circuit connected across the bridge, whereby 
light rays focused upon the photo-sensitive cells cause a change 
in the electrical conductivity of the cells, causing the relay to be 
operated. 


1,458,466—A. Crossley, filed July 7, 1919, issued June 12, 1923. 


ANTENNA SELECTOR SWITCH for combining different. charac- 
teristics of antennas at a radio receiving station. The switch is 
illustrated in combination with four groups of ground wires 
extending in opposite directions. Each group of wires includes 
three conductors of different lengths. The ends of the con- 
ductors are connected to contact points on a switch panel. A 
pair of switch blades are arranged to be independently moved 
over the contacts to select different wires. The blades are con- 
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nected with the radio receiving apparatus so that different con- 


ductors may be readily chosen to secure the best radio receiving 
results. 
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NUMBER 1,458,466—Antenna Selector 
Switch 


1,458,949—H. W. Nichols, filed January 7, 1922, issued June 19, 


1923. Assigned to Western Electric Company, Incorpor- 
ated. 


NUMBER 1,458,949—Carrier Radio Telephone 
System 


CARRIER RADIO TELEPHONE SYSTEM, in which one side band 
component of the modulated wave is radiated and the carrier 
wave separately radiated. At the distant receiver these fre- 
quencies are combined to translate the signal. The object of the 
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invention is to provide а system where the capacity of the am- 
plifiers required for a given amount of useful power radiated is 
less than 50 percent for a given power output of that in systems 
transmitting the carrier and both side band components. 


1,459,308—D. G. McCaa, filed April 6, 1920, issued June 19, 
1923. One-third assigned to Federal Telegraph Company 
of San Francisco. 
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Kunasa 1,459,308—Signaling ЕТИ 


SIGNALING APPARATUS, intended for the substantial elimina- 
tion of static disturbances at the receiver. The secondary cir- 
cuit is divided at the receiver by means of inductances S! and S? 
so that received signals simultaneously operate the grids of tube 
or tubes V. Primary windings P! and Р? are connected in the 
respective plate circuits and differentially act upon the trans- 
lating circuit S*. The current changes in the primaries P! and Р? 
are therefore equal, and since these primaries oppose each other in 
their inductive effects upon the secondary S3, there is no response 
by the telephone T on receipt of undesired signals or disturbances. 
In order to receive the desired signals a primary P? is arranged 
to superimpose oscillations from oscillating circuit V! on the 
receiving circuit differing in frequency a selected amount from 
the signal frequency to produce beats which cumulatively affect 
the signal translating circuit. 


1,459,400—C. D. Hocker, filed November 17, 1916, issued June 
19, 1923. Assigned to Western Electric Company, Incor- 
porated. 

ELECTRON-EMITTING CATHODE AND PROCESS OF MAKING 
THE SAME, to improve the characteristies of cathodes in the fol- 
lowing particulars: 

1. To make the thermionically active coating adhere 
more firmly to the electrode or filament by mechani- 
cally binding the active coating materials to the fila- 
ment. 
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2. To increase the electron emission at any given tem- 
perature. 

3. To lengthen the life of the filament at апу given 
temperature. 

А noble metal such as gold, silver or platinum is used to bind 
mechanically a metal of the alkaline earth group to the filament. 
Barium, strontium, and calcium may be used in the coating with 
the substance сои a noble metal and the coatings baked 
on the filament. 


1,459,412—A. McL. Nicolson, filed April 16, 1915, issued June 
19, 1923. Assigned to Western Electric Company. 


THERMIONIC TRANSLATING Device having a cathode com- 
prising an insulated tube such as quartz tube, the surface of 
which is coated with a thermionically active coating, with a 
heating element within the tube for rendering the surface ther- 
mionically active. The area of the cathode is increased and the 
output of the tube accordingly increased. 


1,459,417—P. Schwerin, filed November 1, 1916, issued June 19, 
1923. Assigned to Western Electric Company, Incorpor- 
ated. 


ELECTRON DiscHARGE DEVICE for operating at high power. 
The plate electrode of the tube is continuously cooled to prevent 
excessive heating due to electronic bombardment from the 
cathode. The plate electrode is constructed in the form of a 
conduit having an inlet and an outlet for the flow of cooling 
medium therethru. The power with this type of tube may be 
increased, for it is not limited by the normal melting point of the 
anode or that temperature at which the anode would normally 
throw off occluded gasses if it Were not water cooled. 


1,450,080—L. A. Hazeltine, filed August 7, 1919, issued Mav 22. 
1923. 


METHOD AND ELECTRIC CIRCUIT ARRANGEMENT FOR NEU- 
TRALIZING CAPACITY COUPLING, which consists in winding an 
additional coil over the secondary coil of the tuning svstem in 
such position that the additional coil forms a capacity shield 
between the primary circuit and the secondary circuit. The 
auxiliary coil and the secondary coil are connected with ter- 
minals of unhke polarity together, the auxiliary coil being inter- 
posed in the electrostatic field created between the coupling coils 
to neutralize capacity coupling. 
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NUMBER 1,450,080—Method and Electric Circuit 
Arrangement for Neutralizing Capacity Coupling 


List or RADIO TRADE MARKS PUBLISHED BY PATENT OFFICE 
PRIOR To REGISTRATION 


The numbers given are serial numbers of pending applica- 
tions: 


153,200—‘‘REMLER” for radio apparatus. E. T. Cunningham, 
San Francisco, California. Claims use since February, 1919. 
Published June 26, 1923. 


167,229—“‘DE Forest,” a facsimile of Lee De Forest’s signature. 
De Forest Radio Telephone and Telegraph Company, Jersey 
City, New Jersey. Claims use since 1913. Published June 
26, 1923. | 


175,091—"'LyRADION" for radio receiving apparatus. Lyradion 
Manufacturing Company, Mishawaka, Indiana. Claims use 
since about March, 1922. Published June 26, 1923. 


175,472—''His Dappy’s CHOICE” for radio transmitting and re- 
ceiving sets. De Forest Radio Telephone and Telegraph 
Company, Jersey City, New Jersey. Claims use since De- 
cember 15, 1922. Published June 26, 1923. 


177,790—''LvRnADION" for combined phonographs and radio 
receiving apparatus.  Lyradion Manufacturing Company, 
Mishawaka, Indiana. Claims use since in or about March, 
1922. Published June 26, 1923. 


178,957 —''CuNNINGHAM," in facsimile of signature of Elmer T. 
Cunningham, for radio receiving apparatus. E. T. Cun- 
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ningham, San Francisco, California. Claims use since 
October, 1920. Published June 26, 1923. 


178,?783—'"TvNvP" in ornamental design for radio receiving 
apparatus. U.S. Tool Company, Inc., Newark, New Jersey. 
Claims use since January 11, 1923. Published June 26, 1923. 


179,337—''ApAPTAFONE'"' for device for attaching telephone re- 
ceiver to sound amplifier. The Teagle Company, Cleveland, 
Ohio. Claims use since March 23, 1922. Published June 26, 
1923. 


179,380—'"TuE RADIO CONSTRUCTOR” for radio magazine. S. 
Newman and Company, New York City. Claims use since 
December, 1922. Published June 26, 1923. 


179,971—'"TEMPOPHONE" for telephone instruments. S. F. 
Stein, Williamsport, Pennsylvania. Claims use since Sep- 
tember 27, 1922. Published June 26, 1923. 


169,727—“ RADIO CORPORATION OF AMERICA, WORLD-WIDE 
WIRELESS” in ornamental design for radio receiving, detect- 
ing, amplifying, and transmitting apparatus, and parts 
thereof. Radio Corporation of America, New York City. 
Claims use since April 19, 1922. Published June 26, 1923. 


177,552—''LisrTEN-IN" for radio record books. Е. Fleming and 
Company, Cambridge, Massachusetts. Claims use since 
March 8, 1923. Published May 22, 1923. 


164,317—''VENvs" for radio receiving sets. Horne Manufac- 
turing Company, Jersey City, New Jersey. Claims use since 
April 15, 1922. Published May 29, 1923. 


171,544—'"TunRoATYPE" for loud speaker. Master Radio Cor- 
poration, Los Angeles, California. Claims use since August 
10, 1922. Published May 29, 1923. 


175,487—“РовАсо Ranio" in ornamental design, for radio 
equipment. C. D. Rotter Company, Stamford, Connecti- 
eut. Claims use since July 6, 1922. Published May 29, 1923. 


175,739—''RvsoNirTE" for detectors. Rusonite Products Cor- 
poration, New York City. Claims use since April 1, 1922. 
Published May 29, 1923. 


175,549—''FiscunEn-Rabio" in ornamental design, for vario- 
couplers and variometers. G. H. Fischer Company. Glen- 
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dale, New York. Claims use since January 15, 1922. Pub- 
lished May 29, 1923. 


175,865—‘‘Amsco PRODUCTS” in ornamental design for radio 
apparatus. Charles Hardy doing business as Advanced 
Metal Stamping Company, New York City. Claims use 
since April 25, 1922. Published May 29, 1923. 


176,400—‘“‘Sopion”’ for radio apparatus. The Connecticut Tele- 
phone and Electric Company, Meriden, Connectieut. Claims 
use since about February 14, 1923. Published May 29, 1923. 


176,685—“ BLUE STREAK” for telephone receivers for use with 
radio apparatus. Marinette Electric Corporation, Marin- 
ette, Wisconsin. Claims use since May 1, 1922. Published 
May 29, 1923. 


176,076—'"NEUTRODYNE" for radio receiving sets. Louis А. 
Hazeltine, Hoboken, New Jersey. Claims use since February 
23, 1923. Published May 29, 1923. 


178,281—"'AMPLICITE" crystals for detectors. Radio Mineral 
Company, Newark, New Jersey. Claims use since February | 
15, 1923. Published May 29, 1923. 


109,000—“‘BaNNARD” for radio receiving apparatus. Triangle 
Electric Trading Company, New York City. Claims use 
since 1916. Published May 29, 1923. 


164,617—“Wav-oM-ETER” for radio sets and parts thereof. 
Washington Radio Corporation, Washington, D. C. Claims 
use since May 15, 1922. Published June 5, 1923. 


167,482—''Munpocx Rapio” in ornamental design, for radio — 
receiving apparatus. William J. Murdock Company, 
Chelsea, Massachusetts. Claims use since on or about 
July 1, 1921. Published June 5, 1923. 


172,494—Crystal in ornamental design for crystal detectors. 
Edward Reese, doing business as Standard Crystal Com- 
pany, Newark, New Jersey. Claims use since on or about 
April 15, 1922. Published June 5, 1923. 


175,740—“S L” in ornamental design for radio apparatus and 
parts thereof. The Sayre-Level Radio Company, Phila- 
delphia, Pennsylvania. Claims use since on or about June 1, 
1921. Published June 5, 1923. 
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177,241—“ Міско VERN” for dials for radio apparatus. Pacent 
Electrie Company, New York City. Claims use since De- 
cember 5, 1922. Published June 5, 1923. 


176,021 —''AxPLION" for telephone receivers. Edward Alfred 
Graham, doing buziness as. Alfred Graham апа Company, 
London, England. Claims use since September, 1920. Pub- 
lished June 5, 1923. 


178,333—''Dv-TEc" for crystal detectors. Dubher Condenser 
and Radio Company, New York City. Claims use since 
October 1, 1922. Published June 5, 1923. 


169,007—''RocEns RECEIVING RADIOMETER” for radio receiving 
apparatus. Bertram C. Rogers, Pittsburgh, Pennsylvania. 
Claims use since January 15, 1922. Published June 5, 1923. 


169,089—''BvnGEss BATTERY” in ornamental design for “В” 
Batteries. Burgess Battery Company, Madison, Wisconsin. 
Claims use since Mareh, 1917. Published June 5, 1923. 


168,894— “K E CO" in ornamental design for printing telegraph 
and radio apparatus. — Kleinschmidt Electric Company, 
Long Island City, New York. Claims use since November 
17, 1913. Published June 12, 1923. 


177,218- “HERALD” in ornamental design for radio receiving 
apparatus. Etna Radio Company, Ineorporated, New York 
City. Claims use since November 1, 1922. Published 
June 19, 1923. 


160,020- —SiGNAL" for radio apparatus. Signal Electrice Manu- 
facturing Company, Menominee, Michigan. Claims use 
since September 1, 1919. Published May 29. 1923. 
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OBSERVATIONS ON LAFAYETTE AND NAUEN 
STATIONS IN WASHINGTON, MARCH 1,1922, TO 
FEBRUARY 28, 1923* 


Bv 
L. W. AUSTIN 


(UNITED STATES NAVAL RADIO RESEARCH LABORATORY, WASHINGTON, D.C.) 


(Communication from the International Union for Scientific Radio 
Telegraphy) 


With the completion of the February observations on Nauen 
and Lafayette, data covering a year have been obtained, using 
the telephone comparator method of measurement. The com- 
parison of the two stations mentioned is of especial interest on 
account of their great difference in wave length, which permits 
at least a first step in the study of the relation of wave length 
to the reception of trans-Atlantic signals. 

There are three main questions to be considered: first, the 
determination of the correct formula for the representation of the 
average conditions of transmission; second, the effect of wave 
length on the ratio between strength of signal and atmospheric 
disturbance; and third, the effect of wave length on the degree 
of variability of signal. 

For purposes of analysis, the field intensities produced by 
the two stations in Washington at 10 A. M. and 3 P. M. have 
been averaged for each month, together with the intensities of 
the corresponding atmospheric disturbances. The field inten- 
sities for daylight transmission over salt water, calculated from 


the formula: 
| 0m 


E=120z e vA (1) 


assuming 480 amperes for Lafayette and 380 amperes for Nauen, 
are 
E (Lafayette) =31.5 microvolts per meter 
Е (Nauen) = 15.3 microvolts per meter. 
The average observed field intensities of the morning observa- 
tions, when daylight conditions prevail over the whole trans- 
*Received by the Editor, June 4, 1923. 
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mission path, at all times of the year, are 72.3 microvolts per 
meter for Lafayette, and 30.4 for Nauen. It is seen that these 
values are approximately twice those calculated, but that the 
ratio between the observed and calculated values is approximately 
the same in cach case, being 2.0 for Nauen and 2.3 for Lafayette. 
This indicates that the relation between wave length and field 
intensity is expressed with a good degree of approximation by 
the above formula, and that the difference between observed and 
calculated values lies elsewhere. A part of the explanation 
doubtless lies in the fact that Equation 1 is based on the assump- 
tion that the wave propagation takes place over an infinite plane. 


TABLE 1 


AVERAGE MONTHLY FIELD INTENSITY OF LAFAYETTE 
(= 23,400 m.) AND NAUEN (A=12,500m.) IN MICROVOLTS PER 
METER 


N 
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August 


September 
October... ...... 
November 
December 
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January 
February 


Average 


For the spherical earth, the assumption is true only for moderate 
distances. For great distances the formula must be written: 


I. 0.0015 4 
š _ — 


= : у 
Е=120л at Ñ (2) 
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where r is the radius of the earth and $ the angle between the 
sending and receiving stations as seen from the earth's center. 
For the distance from Nauen to Washington the two formulas 
differ by about 20 percent. It is probable also that the condi- 
tions of transmission vary somewhat from year to year, so that 
perhaps а closer agreement between observed and calculated 
values can not be expected. 

For the purpose of comparing the effects of wave length on 
transmission, without regard to the difference in transmitting 
power at the two stations, the Lafayette intensities in Tables 2 
and 3 have been reduced to the strength of those of Nauen by 
dividing the observed averages by the calculated ratio of the 
intensities of the two stations. In Table 2, the values of the 
forenoon and afternoon field intensities and of the corres- 
ponding disturbances are given, and from these are derived 
the variability ratios and the ratios of signal to disturbance in 
Table 3. 

The Tables show that the forenoon signals are stronger dur- 
ing the spring and summer than in autumn and winter. On 
account of the fading, the afternoon signals are very much 
weaker than those of the forenoon during the late spring and sum- 
mer, while in winter the afternoon signals are in general some- 
what stronger than the forenoon. The afternoon atmospheric 
disturbances are in all months stronger than the forenoon, with 
the exception of April at 12,500 meters, when a powerful dis- 
turbance storm in one forenoon upset the usual ratio. The Tables 
indicate that while the ratio of the P. M./A. M. signals for the 
whole year are equal at the two wave lengths, the shorter wave 
fades much more in the afternoon during the strong fading season 
beginning earlier in the year and continuing later. It is seen 
that the ratio of signal to disturbance in the morning strongly 
favors the shorter wave, while the variability in the forenoon, 
that is the ratio of strongest to weakest signal in each month, is 
greater for the shorter wave in the ratio of 6.2 to 4. The strongest 
signal observed in the forenoon during the whole year for the 
longer wave was thirteen times as strong as the weakest, while on 
the shorter wave the strongest signal was twenty-four times 
stronger than the weakest. It has been impossible to draw 
definite conclusions in regard to the variability in the afternoon 
during the fading season as, on account of the weakness of the 
signals and the strength of the disturbances, both stations were 
below audibility a number of times. This happened much more 
frequently in the case of Nauen than in that of Lafayette. 
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TABLE 2 


А. M. P. M. 


Signal 


Disturb- : Disturb- 
: igna 


1922 
March....... 
12,500 
23,400 
12,500 
23.400 
12,500 
23.400 
12,500 
23,400 
12.500 
August...... | 23,400 
12,500 
September... 23,400 
12.500 
October...... 23,400 
12.500 
November... 23,400 
12,500 
December... | 23.100 
12,500 


+ Q + © — NO 


М © G i 02 C: a 0 00 © сл — ROC Oe ‹ 


1923 
January 23,400 
12,500 
February...) 23,400 
12,500 
Averages 23,100 35.1 
12.500 | 30.2 


*Disturbance; storm on morning of April 14. 
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TABLE 3 


А.М. 
Dis- | A. M. | P. M. Sig- 


turb- | Sig- | SIg- | nal 
nal ance nal 
Р.М. P. М.| Dis- 


Sig- 


ER ч 


Ne We was 
= t © ç DN 


September..... 
October. . ... 


November 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
m 
l. 


Eid euee6o0dctsooc 
MMOH N ©л їл O O O O ‹ 


c 


December 


= 
E 


1923 
January 


February 


Averages 23,400 
12,500 


463 


The strong disturbance and fading season, May to September 
inclusive, is the most interesting portion of the year to the 
American radio engineer, since most of the difficulties of recep- 
tion from Europe occur during this period. The afternoon fading 
is due partly to what appears to be a local atmospheric absorption 
which is accentuated during the late afternoon in summer by 
the signal weakening which follows sunset at the European 
transmitting stations. The averages for these months have been 
taken separately from Tables 2 and 3 and are shown below in 
Table 4. 


TABLE 4 
AVERAGES IN THE DISTURBANCE AND FADING SEASON 


| ; Signal Signal 
Dis- Ë : Dis- 


] 
turb- B | turb- | turb- 


ance | ance 


A. M.| A. M. P. M. 


23,400 m.| 36.3 | 213 ; 0.355, 0.212, 0.030 
12,500 т. 35.1 | 85.6 0.198 0.48 | 0.036 


From this it is seen that the shorter wave fades in the after- 
noon 1.79 times as much as the longer. This is nearly inversely 
proportional to the wave length ratio which is 1.87. It also ap- 
pears that the shorter wave, considering the ratio of signal 
to disturbance, is 2.45 times better for reception than the longer 
in the morning, and that the two wave lengths are practically 
equal in efficiency in the afternoon. The afternoon signal aver- 
ages during the fading months are somewhat uncertain, for, 
while Lafayette could be depended on to send the U. R. S. I. 
signals at three o'clock, it was never quite certain that Nauen 
was actually sending on the days when it was not heard. Оп a 
few days, because of the pressure of other work, observations 
were omitted, but the importance of recording these omissions 
was not at first realized. These uncertainties rendered the May 
afternoon record of little value and also affected the early part 
of the June record. 

The analysis for the year is somewhat at variance with the 
conclusions drawn from the earlier and more limited observations, 
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which indicated that the wave length of 23,400 meters was much 
superior to 12,500 meters for summer reception in Washington. 
It now appears that during the difficult times of reception, sum- 
mer afternoons, the signal-disturbance ratio is nearly the same 
for the two wave lengths, but the greater variability of the shorter 
wave undoubtedly leaves the balance somewhat in favor of the 
longer. The greater variability of Nauen may be due partly to 
the greater distance the signal travels overland before reaching 
the ocean, that is, to а local absorption at the sending end. "This 
is supported by the fact that Ste. Assise (14,500 m.) is consider- 
ably more constant in intensity. 

The signal disturbance ratio in the afternoon during the fad- 
ing season (as given in the Tables) represents conditions which 
would appear to make reception entirely hopeless at these times, 
but it must be remembered that the values given represent recep- 
tion without any attempt to diminish the natural intensity of the 
disturbances by uni-directional reception, or by other means. It 
is also to be remembered in considering the variability of signal, 
that the afternoon fading in Washington is much greater than in 
some places farther north, but on the other hand, it is probable 
that in some tropical countries even worse conditions may be 
found. 

SUMMARY: The results of one year's observations of the signal strength 
at Washington, of the Lafayette Station (23,400 m.) and the Nauen Station 
(12,500 m.) and of atmospheric disturbances are given in tabular form and 


discussed. The relative usefulness of these two wave lengths for continuous 
communications is analyzed. 
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A METHOD OF MEASURING VERY SHORT RADIO 
WAVE LENGTHS AND THEIR USE IN FREQUENCY 
STANDARDIZATION* 


Bv 
Francis W. Dunmore, Physicist 


AND 
Francis H. ENGEL, Assistant Physicist 


(BUREAU OF STANDARDS, WASHINGTON, D. C.) 


I. IMPORTANCE OF WAVE FREQUENCY STANDARDIZATION 


The rapid increase in the number of radio transmitting 
stations thruout the country and the subsequent increase in the 
interference produced by these stations has led to the assignment 
of new frequencies to these stations by the Department of Com- 
merce.! In this new allocation the frequencies assigned to the 
various transmitting stations are closer together than before. 
These wave frequencies, in the case of the radio broadcasting 
stations, are 10 kilocycles apart, and the separation is even less 
in other classes of service. It is obvious that the effectiveness 
of these frequency assignments is dependent on the accuracy 
with which each station is adjusted to its allotted fre- 
quency, and the care with which these frequencies are main- 
tained. 

Radio inspectors and station operators will be able to main- 
tain the stations closely on the assigned frequencies as a result 
of recent work by the Bureau of Standards in improving the 
accuracy of its frequency standards and making these standards 
more generally available.? Several independent methods of 
establishing the standard of frequency were used and satisfactory 
agreement between them obtained. It is the purpose of this 
paper to describe in detail one of the methods of frequency 
standardization. In this method the basis of the frequency 

*Published by permission of the Director of the Bureau of Standards of 
е о States Department of Commerce. Received by the Editor, July 
«7 18ee "Report of Second National Radio Conference" in “Radio Service 
Bulletin," April, 1923. 


2 А brief general description of this work may be found in an article by 
J. H. Dellinger which appeared in “Radio Broadcast," July, 1923, page 241. 
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determination was the direct measurement of the wave lengths 
of very short waves. 


II. PRINCIPLE oF METHOD EMPLOYED 


The method was based on the direct measurement, in linear 
measure, of the wave length of very short standing waves on a 
pair of parallel wires. The waves thus used as a basis had a 
frequency? of 33,000 to 19,000 kilocycles, or wave lengths from 
9 to 16 meters. The production and measurement of these 
waves is described in III below. Frequencies of lower values, 
that is, in the usual radio range, are measured in terms of these 
ultra-radio frequencies thru a process in which accurate frequency 
ratios are determined from harmonics of an electron tube gener- 
ator. This process makes use of the harmonics in a low-fre- 
quency (relatively long wave) generating set, which when com- 
bined with the ultra-frequency (short wave) generating set pro- 
duces a beat note in a receiving set tuned to the ultra-frequency 
(short wave) generating set. For example, suppose a generating 
set B (see Figure 1) to be operating at a frequency of 30,000 kilo- 
cycles (10 meters), this wave length being accurately measured 
and maintained by a method to be described below. Another 


FioureE 1—Arrangement of App:ratus for Wave-Frequency Standardization 


generating set D, the frequency of which (wave length) may be 
varied from 30,000 to 1,000 kilocycles (10 to 300 meters) is put 
in operation near the first set B. А receiving set C placed near 
both generating sets is tuned to 30,000 kilocycles (10 meters). 
The wave length of D is adjusted until it is about equal to that 
of B by measuring it just as B was measured. When it is so 

3 Wave length in meters is converted to frequency in kilocycles by 


dividing 299,820 by the wave length. For most purposes the approximate 
ratio, 300,C00, is sufficiently accurate. 
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adjusted the difference in frequency between D and B produces 
a beat note which is heard in the receiving set C. This note 
disappears when the exact adjustment is obtained, that is, when 
the two frequencies are indentical. "This process is known as 
the zero beat note method. The frequency of D is then gradually 
decreased until а second beat note 1s heard' in C, and this is like- 
wise made to disappear by exact adjustment. This beat note 
indicates that D has been adjusted to 15,000 kilocycles (20 
meters), and that its second harmonic 30,000 kilocycles (10 meters), 
is producing а beat note with B which is heard at C. The wave- 
meter E is then adjusted to resonance with D, thus establishing 
the 15,000 kilocycle (20 meter) point on it. The frequency of D 
is further decreased until another beat note is heard in C. "This 
means that D has been decreased to 10,000 kilocycles (30 meters), 
its third harmonic which is 30,000 kilocycles (10 meters) com- 
bining with B giving the beat note heard in C. The wavemeter E 
is then adjusted to resonance with D and establishes the 10,000- 
. kilocycle (30 meter) point on the wavemeter. Thus by con- 
tinually decreasing the frequency of D, the 4th, 5th, 6th, etc., 
up to the 30th harmonic may easily be utilized and the wave- 
meter E calibrated down to 1,000 kilocycles (300 meters). By 
changing the frequency of generating set B to 20,000 kilocycles 
(15 meters), the wavemeter E may be calibrated by а similar 
process down to a frequency of 300 kilocycles (1,000 meters), 
and so on. The method outlined above requires the following: 

A. The development of apparatus for the generation of 
very high frequencies or short waves. 

B. An accurate means for measuring waves of this ads 
of length. 

C. Means for utilizing the short-wave generating set 
thus standardized for determining the frequency of the 
low-frequency generating set which in turn is used for 
the calibration of the standard wavemeter. 


III. Apparatus USED 


A. ULTRA RADIO-FREQUENCY GENERATING SET 
For the purpose of making these measurements an ultra radio- 
frequency generating sct was necessary.‘ The one as constructed 
is shown in Figure 2. Figure 3 gives the circuit diagram. Coil C 
* See "Directive Radio Transmission on a Wave Length of 10 Meters," 
by F. W. Dunmore and F. Н. Engel. “Bureau of Standards Scientific Paper.” 
uumber 469. 


*Diameter of number 12 Brown and Sharpe gauge wire =0.0808 inch 
=0.0317 cm. 
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consists of a single turn 18.5 ст (7.3 in.) in diameter of number 
12 Brown and Sharpe gauge copper wire* for plate coupling and 
a similar turn D for grid coupling. The coils C and D were spaced 
about 3 cm. (1.18 in.) apart. J is a radio-frequency by-pass 
condenser and may also be used to vary the wave length slightly. 
The three-electrode tube used was rated at 50 watts. It wasa 
coated filament type. The capacity between the elements of 
the tube together with the coils C and D form the oscillatory 


FIGURE 2—Ultra Radio-Frequency Generating Set Shown Coupled to Parallel 
Wire System 


circuit. It is this internal capacity which determines the upper 
limit of the frequencies obtainable with a given tube. To keep 
the radio-frequency currents out of the battery circuits, three 
choke coils were used as shown at A. These consisted of thirteen 
turns of number 20 copper wire* wound 14 inch (0.64 cm.) apart 
on a wooden core 16 inch (1.27 em.) in diameter. These chokes 
were found necessary to maintain stable operation of the gener- 
ating set. This generating set produced a frequency of 33,000 
kilocycles (wave length of 9 meters). By connecting а variable 
air condenser across the grid and plate, the frequency could]be 
decreased to 17,640 kilocycles (17 meters). 


*Diameter of number 20 wire «0.032 inch 20.081 cm. 
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B. APPARATUS FOR MEASURING SHORT WAVE LENGTHS 
The apparatus used for measuring® these ultra frequencies 
is shown in Figure 2. 


FIGURE 3—Circuit Diagram of 33,000 to 19,000 Kilocycles (9 to 
16 meters) Generating Set 


The parallel wire system used is shown terminating in a wire 
loop. The system consisted of two parallel number 14 bare 
copper wires] about 45 feet (13.7 m.) long strung between glass 
insulators as shown. The wires were separated about 4 cm. 
(1.58 in.) and were held under tension by means of two heavy 
springs (not shown). The ultra radio-frequency generating 
set was coupled to the looped end as shown. The apparatus to 
the right is the control panel, by means of which the output of 
the generating set is held constant. The wave length is meas- 
ured by moving the thermo-galvanometer, to be seen suspended 
from the wires, along the wires until it shows a maximum indi- 
cation of current. This point is marked on the wires and the 
galvanometer moved still further along the wires until a second 
current maximum is indicated. The distance between these 
two points of current maxima is one-half a wave length. If the 
parallel wires are sufficiently long, a number of such points may 

5 See “Electric Oscillations in Straight Wires and Solenoids,” by J. S. 


Townsend and J. Н. Morrell, “Philosophical Magazine," August, 1921. 
{Diameter of number 14 wire =0.064 inch 20.0163 cm. 
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be found. Considerable work was done in order to find the best 
method of indicating the resonance point. The one finally 
adopted was the sliding chermo-galvanometer as shown suspended 
from the wires in Figure 2. It consists of a sensitive thermo-gal- 
vanometer (full scale deflection 2 115 milliamperes), the terminals 
of which are connected to the two wires thru sliding contacts 
shown at the right. The two supports at the left are insulated 
from the instrument. Ап interesting point in connection with 
the use of this instrument at frequencies of 30,000 ke. (10 meters) 
was that a low resistance shunt across the terminals of the in- 
strument greatly improved the accuracy with which this instru- 
ment could be set on the current maxima. "The shunt consisted 
of a piece of number 14 copper wire soldered across the instru- 
ment terminals at the sliding contact. This shunt is clearly 
shown in Figure 2. By the use of this shunt the resistance of 
the circuit was materially decreased so that the sharpness of 
resonance was greatly improved. In fact, the point of maximum 
current was so critical that a movement of the galvanometer 1 
millimeter (0.04 inch) either way along the wire at the point 
of maximum current indication gave a very noticeable decrease 
in deflection. With such a sensitive indicator it is apparent that 
the locations of the current maximum may be accurately ob- 
tained and the distance between them determined with great 
precision. А calibrated steel tape was used for measuring dis- 
tances on the parallel wires. Several measurements of wave 
lengths of the order of 9 meters have shown variations of only 
1 millimeter in 4.5 meters. Thus the indicating instrument may 
be set on the current maximum to within an accuracy of 1 part 
in 4,500. Much experimental work was done on the parallel 
wire method of wave length measurement in order to determine 
any possible sources of error. Measurements were made under 
various conditions such as different lengths of wires, different 
spacing between wires, different size wire, and different methods 
of indicating current maximum, but none of these changes in- 
fluenced the accuracy of the measurements. Measurements 
were also made on an entirely different parallel wire system 
located on the roof of the radio laboratory. As a check on the 
method, the results of these measurements were compared with 
those obtained indoors on much shorter wires, by means of ultra 
radio-frequency wavemeter shown in Figure 4. This instrument 
had a range of approximately 35,000 ke. to 32,000 ke. (8.5 to 
9.5 meters) and was calibrated by means of the parallel wire 
system located on the roof and by two different methods of indi- 
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FicuRE 4—Ultra Radio-Frequency Wavemeter 


cating the resonance points on the shorter parallel wire system 
indoors. The results of this calibration are shown in curve form 
in Figure 5. It will be seen from these three curves, which are 
practically coincident, that the parallel wire method of wave 
length measurement as used is reliable. This method of check- 
ing the parallel wire measurements of wave length would un- 
doubtedly have revealed any inherent error. 
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FIGURE ә 


C. ULTRA RADIO-FREQUENCY WAVEMETER 
For the purpose of investigating the accuracy of the method 
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of wave length measurements on parallel wires and in order to 
keep a check on the steadiness of the frequency of the ultra radio- 
frequency generating set when using it to establish wave length 
standards, an ultra radio-frequency wavemeter as mentioned 
above was constructed. It is shown in Figure 4. "This instru- 
ment consisted of a single turn of number 5 Brown and Sharpe 
gauge copper wire,* the terminals of which were connected to & 
50 micromicrofarad 2-plate variable air condenser. A fixed air 
condenser was connected in parallel with the variable air con- 
denser. It consisted of two fixed plates spaced approximately 
3/64 inch (0.12 em.) apart. The upper plate was 2Y$ inches 
(5.4 em.) by 45% (11.7 em.) inches. The lower plate was 1?4 
inches (4.43 cm.) by 4-inches (10.2 ст.). This air condenser 
was removable so that one of different capacity could be inserted, 
thereby increasing the range of the wavemeter. Such a 2-plate 
air condenser is shown in Figure 4 beside the wavemeter. А 
thermo-galvanometer is inserted in series with the single turn. 
It is shunted with a piece of number 14 Brown and Sharpe gauge 
copper wire 114 inches (3.16 cm.) long. The wavemeter con- 
denser was provided with a long handle so that the capacity 
effects of the operator's body were avoided when adjustments 
were being made. 


D. Low RADIO-FREQUENCY GENERATING SET 


In stepping up from the wave lengths measured on the paral- 
lel wires to the longer wave lengths, ordinarily used for radio 
communication, a generating set rich in harmonics and variable 
in frequency from 300 to 16,600 kc. (18 to 1,000 meters) was em- 
ploved. This is shown in Figure 6. By means of a set of inter- 
changeable coils, the frequency may be varied over the range 
from 300 to 16,600 ke. (18 to 1,000 meters). A set of single- 
turn, two-turn, and six-turn coils are shown in the photograph. 
These may be easily substituted in the plate and grid circuit of 
the tube. The frequency may also be varied by means of three 
variable air condensers connected in parallel across the grid and 
plate of the electron tube generating set. The larger of these 
condensers has a capacity of 0.001 microfarad, the next 0.0001, 
and the smallest about 0.00005 microfarad. This latter 
condenser is provided with a long insulated handle so that 
the final adjustment for zero beat note may be more easily 
obtained. 


*Diameter of number 5 wire 20.182 inch 0.461 cm. 
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FIGURE 6—Low Radio-Frequency Generating Set 


E. ULTRA RADIO-FREQUENCY BEAT-NOTE RECEIVING SET 


An ultra radio-frequency receiving set was used for the pur- 
pose of determining when the low-frequency generating set was 
tuned so that one of its harmonies was equal to the frequency of 
the ultra radio-frequency generating set. This is shown in Fig- 
ure 7. It was designed to cover a frequency range of approxi- 
mately 15,000 to 37,000 kc. (8 to 18 meters). The tuning ele- 
ment consists of a single turn of number 12 Brown and Sharpe 
gauge copper wire* connected to a 0.00025 microfarad variable 
air condenser, the terminals of which were connected to the input 
of an electron tube detector with two stages of audio-frequency 
amplification. This receiving set was located about five feet 
(1.53 m.) from the two generating sets. By tuning it to the fre- 
quency of the ultra radio-frequency generating set, ‘confusion 
caused by the presence of beat notes from harmonics in the ultra 
radio frequency generating set, was eliminated. 


IV. STANDARD WAVEMETER CALIBRATION 


The wavemeter standardized in the course of these measure- 
ments was the standard wavemeter of the Bureau of Standards.$ 
The following is a detailed description of the procedure employed 
when calibrating the standard wavemeter using the method and 
apparatus described above. A comparison of this calibration 

*Diameter of number 12 wire =0.0808 inch =0.0317 cm 

в See “Standard Radio Wavemeter, Bureau of Standards Type R70-B,’’ 


by В. T. Cox, “Journal of the Optical Society of America," volume 6, number 
2, page 162. 


475 


with two other calibrations obtained by entirely different methods 
agreed within 0.2 per cent. 

The ultra radio-frequency (short-wave) generating set was 
put into operation and its wave length accurately determined by 
means of the parallel wire measurements. It was found to be 
9.005 meters, which is equivalent to 33,290 ke. During the 
course of the calibration these parallel wire measurements were 
repeated from time to time to insure the constaney of the fre- 
quency of the generating set B. The wavemeter F was used as a 
constant check on the frequeney of the generating set B, and thus 
reduced the number of parallel wire measurements considerably. 


Ficgtre 7—Ultra Radio-Frequency Beat-Note Receiving Set 


The generating set D, Figure 1, was next started and its fre- 
queney adjusted to be approximately 16,645 ke. (18.010 meters) 
by using the parallel system. The operator using the receiving 
set C adjusted the frequency of generating set D until a beat 
note was heard. This beat note is equal to the difference in fre- 
queney between the second harmonie of generating set D and the 
fundamental of generating set B. Using the vernier condenser 
on generating set D, its frequency may be adjusted until the beat 
note becomes inaudible, thus indicating that the frequency of the 
first harmonie of generating set D is exactly equal to the funda- 
mental of generating set B. From this it follows that the funda- 
mental frequeney of the generating set D 1s one-half that of the 
33,290 

= 


— 


ke. = 16,645 ke. 


fundamental of generating set В, or= 


CIN.OIO meters). 

The wavemeter F which was to be calibrated was next tuned 
to resonance with the fundamental of generating set D, the beat 
note being held at zero. This fixed the 16,645 ke. (18.010 meter) 
point on the wavemeter. 

To obtain the next point on the wavemeter, the frequency of 
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the generating set D was slowly decreased until a second beat 
note was heard at the receiving set C. "This beat note indicated 
the presence of the third harmonie of the generating set D. 
No intermediate beat notes were heard because the receiving set 
was tuned to 33,290 kc. (9.005 meters). By careful adjustment 
of the generating set D, the zero beat note was obtained as be- 
fore. 

After this adjustment had been made, the fundamental fre- 
quency of the generating set D is one-third that of the funda- 


mental of generating set В or 55290 ke. = 11,096 ke. (27.015 


meters). The wavemeter E is again tuned to resonance with the 
fundamental of the generating set D, thus establishing the 11,096- 
kc. (27.015-meter) point on the wavemeter. 

This process was repeated until the 34th harmonic of gen- 
erating set D was reached, giving a calibration of wavemeter E 
up to 979.2 kc. (306.17 meters). By changing the fundamental 
of generating set B to 18,367 kc. (16.324 meters) the wavemeter E 
was calibrated by the same process to a frequency of about 
352.7 kc. (850 meters). 

This process can be extended to calibrate a wavemeter of 
much greater range by decreasing the frequency of generating 
set B. 


CONCLUSION 

The direct measurement of very short wave lengths by means 
of standing waves on parallel wires was found to be convenient, 
practical and aecurate. The method of setting a radio-frequency 
generating set on a given frequeney by means of the zero beat 
method was found to be an extremely simple and reliable one. 

This in combination with the parallel wire method of precision 
wave length measurement gives a combination with which wave 
frequency standards may be accurately determined. 


Radio Laboratory, 
Bureau of Standards, 
Department of Commerce, 
Washington, D. C. 

June 27, 1923. 


SUMMARY: The paper describes one method of establishing frequency 
standards employed by the Bureau of Standards which is based on the direct 
measurement, in linear measure, of the wave length of very short standing 
waves on a pair of parallel wires. The wave lengths measured were from 9 
to 16 meters, the currents having frequencies from 33,000 to 19,000 kilocycles 
per second. “The apparatus for generating these ultra radio-frequency cur- 
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rents is described, as well as the details of the method used in measuring the 
wave length of the waves which they produce on the parallel wires. 

А method is described for calibrating a wavemeter at frequencies from 
30,000 kilocycles to 352 kilocycles (10 to 850 meters). This method makes 
use of the harmonics in a second radio-frequency generating set, one of which, 
when combined with the output from the ultra radio-frequency generating 
set, produces a beat note in a receiving set tuned to the ultra radio-frequency. 
The zero beat note method is used to obtain an exact setting. Knowing the 
frequency of the ultra radio-frequency generating set by direct measurement 
on the parallel wires, and the order of the different harmonics being used in 
the second radio-frequency generating set, the frequency of the latter may be 
determined over the range from 30,000 kilocycles to 352 kilocycles (10 to 850 
meters). 


AN IMPROVED SYSTEM OF MODULATION IN RADIO 
TELEPHON Y* 


By 
CHARLES A. CULVER 


(CANADIAN RADIO CORPORATION, LIMITED, TORONTO, CANADA) 


The ideal system for effecting voice modulation of the output 
of a radio frequency oscillation generator has not yet been de- 
vised. An approach to such an arrangement or means would 
be the introduction of some agency or device whereby one might 
vary, by means of the voice, the normal ohmic component of the 
resistance of an antenna system between rather wide limits, one 
limit being a value greater than the normal value, and the other 
limit being less than the normal value. Such a device should act 
on the resistance of the radiating system alone, and only affect 
the primary or radio frequency power circuit as a result of chang- 
ing the load in the antenna. Such a modulating device should 
be able to produce a radical increase and decrease in the resist- 
ance of the antenna, without a great change taking place in its 
own constants. While there have been developed devices which 
will increase the resistance of an antenna, there has vet to be 
produced the device which will decrease the resistance of a trans- 
mitting antenna, particularly when an appreciable amount of 
power is involved. We must, therefore, await with interest the 
development of some such device or electrical organization. 


LIMITATIONS OF FORMER SYSTEMS 

Turning to existing systems, we find the two modulating 
schemes which are the most widely used to be the “drainage” or 
"absorption" method and the Heising or “constant current" 
method. 

The drainage or absorption method may be effected either 
by means of the so-called magnetic modulator, or by means of 
tubes alone. By either scheme a part of the radio frequency 
energy delivered by the oscillating power circuit is diverted by 
or absorbed in the device and hence less radiation results. А 

*Received by the Editor, May 25, 1923. Presented before THe INsti- 
TUTP OF RADIO ENGINEERS, New York, June 6, 1923. 
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number of the larger English radiophone sets utilize the drainage 
system, the control being effected by means of a pyramidal bank 
of large tubes, which in turn are controlled by the voice. The 
quality of the resulting speech is excellent, but the system has 
the obvious disadvantage that practically as many tubes are 
required for modulation as are required to serve as high frequency 
generators. 

The so-called “constant current” or Heising system, as is well 
known, also requires the use of as much or more tube capacity 
for modulation as for power. This system also gives excellent 
quality and deep modulation. It, however, possesses a marked 
disadvantage other than that due to the number of tubes required. 
Let us examine this particular limitation. 

If it be assumed that the carrier wave is represented by the 
relation i= A sinwt(1+K sint), Heising! has pointed out 
that if K be unity, that is, if complete or 100 percent modulation 
obtained, “The effective radio frequency power rises to a peak 
value of four times the non-signaling value, and has an average 
value of 3/2 the non-signaling value." By the integrating the 
complete expression for the power thruout a complete fre- 
quency cycle there results: 


3/A* В 
p=; Í 2 ) 


which leads Mr. Heising to the conclusion that “The power 
content of the completely modulated wave is 3/2 the power con- 
tent of an unmodulated wave of the same average current.” 

If then in operating а radiophone transmitting set we adjust 
our oscillating tubes to give their maximum non-signaling out- 
put, the peak load on the tubes when complete modulation 
obtains, will be four-fold the quiescent load, and the tubes will 
be subjected to an average load the magnitude of which is 50 
percent greater than the non-signaling value. It is obvious that 
notwithstanding the fact that this heavy overload is more or less 
intermittent, it will, without doubt, materially shorten the life 
of the oscillator tubes. In power engincering, it would, of course, 
be considered doubtful practice to subject а generating unit to 
an overload of from 50 to 400 percent, even tho such a condition 
did not obtain continuously. 

This serious overloading can, of course, be avoided, as is 
sometimes done, by adjusting the radio frequency oscillating 
circuit, so that the non-signaling power output has a value con- 


‘Modulation in Radio Telephony," PROCEEDINGS OF THE INSTITUTE OF 
RADIO ENGINEERS, R. A. Heising, August, 1921. 
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siderably below the normal possible output of the tubes.: This 
means that the amplitude of the non-signaling value of the carrier 
wave is less than the tubes are capable of maintaining, with the 
result that the range of the station is materially lessened. In 
short, to secure 100 percent modulation, and at the same time 
not seriously overload the tubes, they must be operated at reduced 
output. 

Further, since the modulating tubes in the “constant current” 
system are of the same capacity as the power tubes, it usually 
becomes necessary, in order effectively to control the internal 
resistance of the modulating tubes, to introduce one or more 
steps of power amplification between the microphone and the 
modulating circuit. This is true even for tubes having a capacity 
as low as 50 watts. On the large broadcasting sets employing 
this system of modulation, а power amplifying tube having а 
wattage capacity comparable with the power and modulating 
tubes is used, and has associated with it several steps of ampli- 
fication involving smaller tubes. The necessity of employing а 
substantial train of amplifying tubes between the microphone 
and the modulator tubes is, in and of itself, а serious limitation. 
Reference will be made to this feature in a later paragraph. 

In considering any modulation system, there is naturally 
involved the question of the relative importance of the non- 
signaling amplitude of the carrier current, and the variation 
taking place in this due to the modulation brought about at the 
transmitting station. For a given amplitude of non-signaling 
carrier wave which may reach а receiving station, the response 
in the telephone receiver, is, of course, proportional to the change 
in the amplitude of the carrier wave, this in turn depending upon 
the modulation at the transmitting station. However, the actual 
amplitude of the carrier current is also an important factor. This 
is evident when we consider the relation of the amplitude of the 
non-signaling carrier current to the maximum change which can 
take place in this current. Even tho complete modulation ob- 
tains, the current amplitude cannot have a minimum value less 
than zero or a maximum greater than twice the non-signaling 
value. In short, the total change that can occur is 2A,where А 
represents the amplitude of the non-signaling carrier current. 
Obviously, then, if we reduce the output of our tubes to avoid 
excessive overloading, the value of A will be correspondingly 
reduced, with the result that the maximum change, 24, will be 
lessened and the signal strength accordingly diminished. By 
the same reasoning it is also evident that one may, if de- 
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sired, seeure {һе same signal strength by utilizing a somewhat 
greater amplitude of non-signaling carrier wave and a lesser 
degree of modulation. Indeed, for other reasons, it is better 
operating practice not to adjust the equipment to give 100 per- 
cent modulation. It will thus be seen that the absolute value 
of the non-signaling carrier current is a factor of importance, as 
well as the chanye in its value. This point has been a matter of 
considerable debate, and it possesses both general and special 
interest in a discussion of the limitations of the “constant cur- 
rent" svstem of modulation. 


iRID-LEAK METHOD 


In order to provide a system which would not seriously over- 
load the tubes as a result of modulation taking place, and which 
would at thesame time reduce the total number of tubes required to 
effect modulation, as well as give a higher ratio of distance cov- 
ered to total watts consumed, a system has been devised which 
In actual practice has given very gratifving results. This system 
falls under the general heading of tvpes of modulation, known 
as the control of generation principle, or, more popularly, grid 
modulation, 

The simple method of introducing the secondary of a modu- 
lution transformer in the grid cireuit of a radio frequency power 
organization is well known. Such a svstem, however, has not 
been found to be entirely satisfactory for use in sets utilizing 
more than a few watts. and then only with high impedance tubes. 

In the system to be described, and which is shown in diagram- 
matie form in Figure 1, the usual grid leak resistance is replaced 
by a three-electrode tabe; and the plate-to-filament resistance 
of this grid-to-leak tube is eontrolled by means of the voice thru 
the usual modulation transformer connected to its grid. In this 
system the comtrol tube fanetions as a variable resistance. The 
system may be utilized in connection with generating organiza- 
tions, other than the well-known circuit outlined in the drawing. 

The author independently worked out this system of modula- 
tion during August, 1920. It later developed that the De Forest 
laboratories were apparently doing some work along the same 
line at about the same time, and a patent? has recently been issued 
to C. V. Logwood covering a balanced generating circuit which 
incidentally incorporates a modulating scheme similar in certain 
respeets to the one outlined in this paper. In the September 


2U, s. Patent. 1.440234. filed July 2, 1921. Assigned to the De Forest 
Telephone and Telegraph Company. 
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FIGURE 1—Schematie Wiring Diagram of Typical Radiophone Transmitting 
Circuit Incorporating Grid Leak Method of Modulation 


number of “The Radio Review" for 1920, there appeared an 
abstract of an earlier account by Beauvais of a somewhat similar 
modulation scheme for use in connection with guided wave com- 
munication. However, so far as we are aware, the author is the 
first to develop the method to the point where practical and 
successful engineering results have been secured. 


THEORY OF OPERATION 


Before passing to a description of the actual radiophone 
transmitting units incorporating the grid-leak method of modu- 
lation, we shall briefly consider the theory of its operation. 

Again referring to Figure 1, it will be evident that, for a given 
value of grid condenser С», the direct current potential of the grid 
of the oscillating tube will be determined by the magnitude of the 
inductive reactance in the anode-grid circuit, and also by the 
value of the grid leak, the latter consisting of the plate-filament 
circuit of the modulating or control tube M T. If the value of 
this resistance changes, the direct current potential of the grid 
of the oscillating tubes will correspondingly change and control 
thus be effected. 
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Measurements made by means of a special electrostatic volt- 
meter having negligible intrinsie eapacity show that, in general, 
as the grid leak resistance is decreased and the grid leak current 
correspondingly increased, the potential difference between the 
grid of the oscillator and the grounded side of the filament]in- 
creases. In other words, the grid becomes more negative with 
respect to the filament. These variations in the grid potential 
result in corresponding variations in the effective alternating 
current output of the power tube. 

The oscillogram shown in Figure 2 illustrates the relation 
of the grid or control current to the alternating current output. 
In securing this record an alternating current of small magnitude 
was passed thru the primary of the modulation transformer. 
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Figure 2—Oscillogram Showing Relation of Grid Leak Current 
to Alternating Current Output. Alternating Current in Primary 
of Modulation Transformer. Upper Curve Grid Leak Current 


The upper curve shows the grid leak current, and the lower curve 
the corresponding radiation current as picked up and rectified in 
a closed resonant circuit placed near the transmitting set. Figure 
3 shows the phase relations when voice control obtains. 

When using a tube, having a static characteristic shown in 
Figure 4 as an oscillator, the constants are so adjusted that the 
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FIGURE 3—Oscillogram Similar to Figure l, Except Voice Modu- 
lation Obtains 
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grid of the oscillator has a negative potential of the order of 
350 to 700 volts with respect to the filament, and the grid bias 
of the tube which functions as a modulator is accordingly ad- 
justed so that its operating point remains within the proper 
limits. The exact potential value at which the grid of the oscil- 
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Figure 4—Characteristic of Power Tube, Type de Forest 2-Q-15 


lating tube is held depends upon the number of power tubes being 
operated in parallel and upon the relation of the wave length to 
the antenna constants. In practice the adjustments are usually 
such that the average value of the oscillator grid potential is de- 
creased when modulation is taking place, voice modulation pro- 
ducing a variation in oscillator grid potential of the order of 100 
volts. The adjustments are commonly such that the average 
signaling value of the antenna current is less than the non-sig- 
naling value, the tubes being normally operated at or near 
their maximum outpot. 
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The characteristics of the tube used for effecting modulation 
bv this method must obviously be of such a nature that the tube 
will withstand the potential developed between the grid and 
filament of the oscillator: it must also be able to dissipate. when 
in a non-oscillating condition, the heat developed bv the grid- 
leak current. 

Figure 5 shows a family of static curves for the type 1-Q-15 
tubes used as modulators in the broadcasting sets. and Figure 6 
the corresponding characteristics of the type D tube used as a 
modulator in the tvpe 1-T sets. 
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FIGURE 5—Characteristic of Modulator Tube, Туре de Forest 1-09-15 


DESCRIPTION OF NEW EQUIPMENT 

Two of the several types of actual equipment incorporating 
the grid-leak method of modulation, and which are in commer- 
cial operation, are shown in Figures 7 to 10, inclusive. The 
{уре 4-T units are used chiefly for broaseasting purposes, and 
the type 1-T for private commercial communication. 

The 4-T type utilizes 4 De Forest tubes, type 2-Q-15, as 
oscillators, and 2 De Forest type 1-Q-15's as modulators. The 
power tubes are usually operated at an anode potential of 1,800 
volts, and when drawing a total plate current of 0.6 to 0.7 ampere 
will develop from 10-12 amperes in an antenna having average 


broadcasting characteristics, the output being approximately 750 
watts. The grid-leak current is of the order of 125 milliamperes. 
Both the power and modulator tubes are operated at a constant 
filament potential of 15 volts, esch tube being provided with а 
voltmeter. The plate circuit of each power tube is fused, and 
the filament circuit of the individual tubes may be opened by 
means of switches located at the lower edge of the power tube 
panel. This feature, combined with the adjustable inductance 


FIGURE 6—Characteristic of Modulator Tube, Type de Forest D 


switch controlling the external plate impedance, makes it possible 
to cut out a given power tube without shutting down theset. "This 
is a particularly valuable feature in broadcasting work. If a 
power tube goes out of commission during the rendition of a 
number in the studio, the operator at the board adjusts the plate 
impedance and proceeds without interrupting the transmission. 
If desired, he may adjust the circuit constants so that the re- 
maining tubes will temporarily carry the full load, and thus main- 
tain the output of the station at its normal value. 

In addition to the usual anode voltage, space current, and 
radiation meters, a grid-leak current meter is provided, the latter 
serving as a modulation or control indicator. 

Direct current power for these transmitting sets is supplied 
by a three-unit motor generator outfit consisting of a 2,000-volt, 2- 
commutator dynamo and a 20-volt machine for supplying the 
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FIGURE 9—Photograph of Radiophone FiGvRE 10—Photograph of Radiophone 
Transmitter, Type 1-T, Front View Transmitter, Type 1-T, Back View 
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filaments of the power tubes, these units being directly coupled 
to a driving motor of suitable capacity. 

An interesting bit of radio history was written last fall, when 
the first one of these broadcasting sets to be installed was oper- 
ated for eight hours daily during a period of two weeks at the time 
of the Canadian National Exhibition, without suffering an inter- 
ruption. 

The 1-T transmitters do not differ essentially from the type 
just described, except in size. This type utilizes a single De 
Forest 2-Q-15 tube as oscillator and a De Forest type “D” tube 
as modulator. This transmitting unit has & normal output of 
150 to 200 watts, the antenna current being of the order of 5 
amperes. 


COMPARISON OF EFFICIENCY 

This paper is entitled ‘‘An Improved System of Modula- 
tion," and the justification for such a caption will be evident 
from an examination of the following table: 


| Constant Grid 
To Deliver 500 watts to Antenna Current Leak 
Method Method 


Power consumed by oscillator 
CUD OSs cu ава wb es 1,040 watts | 1,080 watts 


—.snn— IO-=T — s OQ  V- r K< — TYP A L VH | о рор  — SE 


Power consumed by modulator 
tubes....................... 312 none 


Power consumed by power am- 
plifier tubes.................| 400 попе 


Total power consumption 


In preparing the above table the data for the constant cur- 
rent system were taken from published statements regarding a 
well-known and widely used commercial type of broadcasting 
equipment. 

In explanation of the third item in the table under the grid- 
leak method, it may be said that when using an ordinary micro- 
phone no amplification whatever of the voice currents is required. 
When, however, the comparatively insensitive pick-up devices 
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commonly employed in broadeasting are used, a 5-watt power 
tube is utilized as a speech amplifier. Obviously this does not 
add materially to the total power consumed. In making the 
above comparison, reference was not made in either case to the 
number of steps of voltage amplification emploved between the 
pick-up and the transmitting set, for the reason that local cir- 
cumstances govern this factor in both cases. However, it may be 
said that two steps of voltage amplification have, to date, met 
all requirements. 

In the last analysis the convincing evidence as to the com- 
parative merits of any system of radio communication is the 
transmission ratio, that is, the ratio of miles covered to total 
watts consumed by the equipment. Engineering tests made for 
the purpose of comparing the grid leak svstem of modulation 
with other methods show that the mile-watt ratio is entirely eom- 
parable, if not greater, in the case of the new svstem. One of the 
several Canadian broadcasting stations employing this system 
of modulation is located at Regina, Saskatchewan. The owners 
of that station state that a conservative averaz> estimate of the 
night range would be one thousand miles (1,600 km.), and a day 
range of four hundred miles (640 km.). They add the statement 
that recently the afternoon broadcasts were heard every day for 
two weeks in Seattle, the distance being approximately. eight 
hundred miles (1,280 km.), and this across the mountains. The 
total anode input to the set did not exceed 600 watts. It should, 
however, be said that conditions for radio communication 1n 
Middle and Western Canada are probably somewhat more 
favorable than in the eastern provinces. A night transmission 
ratio of 0.9 would probably be a more fair figure. That is, for 
every 1,000 watts consumed by the transmitting equipment, 900 
miles can be successfully covered under average reception con- 
ditions. 

No corresponding figures аге available for the equipment 
using the constant current system, but judging from various pub- 
lished reports, and as well as from actual personal observations 
on the transmission from those sets, it would appear that the 
average night transmission ratio would not exceed 0.6. In mak- 
ing the above comparison we refer to the night ratio, because the 
greater part of the broadcasting is done then, and it is thus pos- 
sible to seeure more data under those conditions. It is fully 
appreciated that it is extremely difficult to make reliable quanti- 
tative comparisons in regard to radio transmission, but the fig- 
ures are, in the case of the new system, conservative, and would 
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appear to indicate that it is in fact an improved system of 
modulation. 

The ideal outlined at the beginning has not yet been attained, 
but an effective system of voice control has been developed 
which gives faithful modulation, and which materially reduces 
the number of large capacity tubes required for efficient radio- 
phone operation. 


SUMMARY: After describing the commonly employed absorption and con- 
stant current systems of radio telephone modulation, the author discusses a sys- 
tem of modulation wherein the resistance in the grid circuit of the power oscillator 
tubes is vocally varied, this resistance being itself the plate circuit of a suitable 
vacuum tube. Operating data on sets embodying this method are given. 
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DISCUSSION 


C. V. Logwood (by letter):* I would like to ask Dr. Culver 
if, in calculating the efficiency as outlined in his table of the 
relative power input to output as compared to the constant 
current method, he took into consideration the adjustment for 
grid potential. 

In my experiments in the development of this system for the 
Canadian Independent Telephone Company in 1922 and the 
De Forest Radio Telephone and Telegraph Company in 1921, 
as well as my earlier work in 1917,{ I have found that consider- 
able grid current flow is very essential for modulation depth and 
clarity. This grid current flow must pass thru the two power 
tubes used as modulators with a negative biasing battery of 45 
volts, in order that the grid current flow from the power tubes 
does not exceed the safe current flow from the grids, which I 
believe is 40 milliamperes per power tube. It would seem to 
those interested in this subject that considerable power is lost 
in overcoming this biasing battery voltage which performs two 
things: amplifieation and a check for the grid current. 

I ask this question because one can secure maximum radia- 
tion when the grid flow from each 2Q-15 power tube does not 
exceed 3 milliamperes thru the proper grid leak resistance. 
For clarity and depth of modulation it is absolutely essential 
to have the full grid current flowing from each power tube and 
this, I believe, will lower the efficiency by 200 watts. 

I would like to know if Dr. Culver has taken into considera- 
tion the relative percentage of modulation of the circuit described 
to the constant current method when both are modulating at 
а given percentage, for instance, 25 percent. That is, will it 
require greater power amplification in watts for 25 percent 
modulation using the constant current method than that which 
is required to modulate at the same efficiency with the parallel 
oscillating circuit as described in his paper? 

From my own conclusion I am quite sure that the parallel 
oscillating circuit is not much more efficient than the constant 
current method after all calculations are checked up, granting 
an equal degree of clarity. 


*Received by the Editor, June 27, 1923. 
TC. V. Logwood, United States patent number 1,397,432. 
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RADIO FREQUENCY TESTS ON ANTENNA 
INSULATORS* 


By 
W. W. Brown 


(RADIO ENGINEERING DEPARTMENT, ALTERNATOR SECTION, GENERAL 
ELECTRIC COMPANY, SCHENECTADY, NEW YoRk) 


With the installation of 200 kilowatt Alexanderson alternators 
in the New Brunswick, New Jersey and Marion, Massachusetts, 
radio stations, it was found that the insulators previously used 
in the antennas at these stations were unsuited to the new. con- 
ditions. There were à number of different types of insulators 
available at that time, but very little information was available 
on their characteristies for radio frequency, high voltage, con- 
tinuous wave use. 

Insulators for use on radio frequency continuous wave cir- 
cuits should be so designed that the dielectric flux density is very 
low as compared with the densities permissible in insulators for 
60-cycle circuits. The reason for this is that the dielectric hystere- 
sis loss for а given flux density is nearly proportional to the fre- 
quency for the best insulators, and the power factor! in some 
less perfect dielectrics increases as the square or higher power 
with the frequency. A type of insulator, the limitation of which 
on а 60-cycle circuit might be flashover or even puncture, might 
be unsuitable for use on a radio frequency circuit of a much 
lower voltage, because of heating of the dielectric. 

In designing an insulator that will have a low dielectric loss 
at radio frequency, the following conditions need be considered: 


1. The dielectric hysteresis loss is proportional nearly to the 
square of the flux density. 

2. The flux density decreases with increasing distance be- 
tween electrodes. 

3. The flux density is directly proportional to the specific 
inductive capacity of the dielectric. 

*Received by the Editor, February 14, 1923. Presented before Tur 
INSTITUTE OF RADIO ENGINEERS, New York, March 7, 1923. 


1 E. F. W. Alexanderson, “Dielectric Hysteresis at Radio Frequencies,” 
PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS, June, 1914. 
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In considering these conditions, the desired insulator should 
have: 

1. low flux density, 

2. long distances between electrodes, and 

3. be of a material which has a low specific inductive capacity. 

The tvpe of antenna insulator that most nearly fulfils these 
conditions is a cylindrical rod or tube the length of which is 
several times its diameter. This tvpe of insulator with a dielec- 
tric of porcelain is used almost exclusively for high voltage radio 
antennas. 

An insulator composed of a porcelain rod 2 inches (5.08 em.) 
in diameter and 20 inches (50.8 cm.) long with a metal cap on 
each end, if subjected to high voltage continuous wave at radio 
frequency, would exhibit a temperature rise of the porcelain 
rod much higher near the fittings than near the middle. This 
is due to the fact that the dielectric loss is proportional nearly 
to the square of the density, and the density is greatest at the 
fittings. 

The arrangement of an antenna insulator with reference to 
the supporting structure and the antenna proper max be such 
that the dielectric density at one end of the insulator is greater 
than at the other end. The density usually is greatest at the end 
next to the antenna and lowest at the grounded end. (Under 
certain conditions, the reverse of this relation exists.) This is 
because of the fact that one end of the insulator may be shielded 
by the surrounding structure to such an extent that the dielectric 
flux, which leaves the unshielded end, reaches the shielded end 
thru the surrounding structure and thereby reduces the density 
thru the dielectric at the shielded end. 

This suggests the possibility of providing an electrostatic 
shield on one or both ends of this type of insulator to reduce the 
density thru the dielectric, and this has been found to be entirely 
feasible. By the use of these shields, the radio frequency voltage 
rating of insulators of this type may be greatly increased and the 
dielectric losses reduced. 

Insulators of this tvpe, with well designed fittings and shields, 
have a relatively small dielectric loss and are very satisfactory 
under dry weather conditions. Under wet weather or salt spray 
conditions, the surface leakage is high and various arrangements 
of shields have been provided to protect the surfaces. 

А series of tests were made in Schenectady, for the Radio 
Corporation of America, to determine primarily the character- : 
istics of the various available types of antenna insulators. Stand- x 
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ard types of insulators, for other than antenna circuits, were 
tested to determine their suitability for operation with radio fre- 
quency, continuous wave transmitters. Subsequent tests have 
been made at the Radio Corporation's high power stations. 
Power for all these tests was supplied by 200 kilowatt Alexander- 
son alternators at frequencies between 18,000 and 28,000 cycles 
per second. 


TEST EQUIPMENT AT SCHENECTADY 


Figure 1 shows diagrammatically the circuits used at Schenectady 
to obtain the high voltage at radio frequency continuous waves. 


— 
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FIGURE 1 


A 200-kilowatt Alexanderson alternator, thru suitable transform- 
ers and tuning condensers supplied energy to the resonant circuit L 
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and C shown inthe diagram. The total inductance in the resonant 
circuit was 84.5 henrys, which has an inductive reactance of 
11,500 ohms at 21,700 eveles. The value of C, the capacity 
reactance of which is 11,500 ohms at 21,700 cycles, 15 0.000637 mf. 
The area of the lower or high voltage condenser plate was 384 
sq. ft. (35.7 sq. m.). Insulators under test were suspended from 
the steel framework of the building. A 4-ineh (10.16 em.) 
diameter metal tube with a 10-inch (25.4 em.) diameter sphere 
on the outer end conducted the high voltage from a point bet ween 
the L and С of the resonant circuit to the insulator under test. 

The test voltage was calculated by multiplying the measured 
current in the ground side of the resonant circuit by the meas- 
ured inductive reactance L at the operating frequency. 

The circuit. containing resistance R was used to determine 
the loss in the insulator under test. The principle of measuring 
the insulator loss by this method is the substitution, for the 
Insulator under test, of an artificial load circuit that will absorb 
the same energy from the resonant circuit that is absorbed by 
the insulator. The method of making these measurements was 
as follows: With the test insulator in circuit, frequency of the 
power supply was varied thru resonance and the maximum 
resonant eurrent noted. The test insulator was then removed 
from етем, under which condition the maximum resonant 
current was higher than with the test insulator in circuit, other 
conditions remaining unchanged. Switch S was then closed, 
and the calibrated resistance R was varied until the maximum 
resonant current was the same as with the test insulator in cir- 
cult. Under this condition, the measured current in the aunil- 
lary eireuit, squared, times the ohimic resistance was an indica- 
tion of the watts loss in the insulator. 

The loss in porcelain tube insulators under dry conditions was 
too low to measure by this method at voltages which would have 
been excessive for the same insulator under rain conditions. The 
loss in large insulators at high voltage, under rain conditions, was 
readily determined by this method. 

Figure 2 is a photograph which shows part of the test appara- 
tus. The condenser plate mounted on top of the inductance 
coll is in a fixed position. The grounded wire sereen directly 
above the fixed condenser plate was movable and provided means 
to obtain resonance in the circuit over а range of frequency. 

А precipitation of approximately 0.2 inch (0.5 em.) рег 
minute, Schenectady city water having a resistance of 3,400 
ohms per centimeter cube, was used in making the rain tests. 
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Resistance of rain water varies between 10,000 ohms per centi- 
meter cube in smoky atmosphere to 70,000 ohms per centimeter 
cube in clean atmosphere. 


FIGURE 2 


Test DATA 


Figure 3-A shows the heating characteristics under both dry 
and rain conditions of a porcelain tube having an outside diameter 
of 2 inches (5.08 em.) and a clear length of 32 inches (81.4 em.) 
between metal fittings. Figure 3-B shows comparable data on 
the same insulator, but with an electrostatic shield on the high- 
tension—lower—end. The effect of the shield is to re-distribute 
the losses along the length of the tube and to lower the flashover 
under rain conditions from 138 kilovolts to 125 kilovolts. 
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FIGURE 3 


hz, The method of obtaining these data was to apply a definite 
voltage for 30 minutes, the length of time for the temperatures 
to become practically constant. The voltage was then removed, 
a strip of felt attached lengthwise to the porcelain tube and ther- 
mometers placed thru holes in the felt with the thermometer 


bulbs against the porcelain. 
500 


Figure 4-А shows heating data under dry and rain conditions 
оп a 2?$ inch (6.02 cm.) by 31⁄ inch (8.89 cm.) diameter 
porcelain tube with a clear length of 30 inches (76.2 em.) A 20- 
inch (50.8 cm.) diameter cast aluminum electrostatic shield was 
attached to the high voltage end. "The insulator was in a vertical 
position. 
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FIGURE 4 


Figure 4-B shows the data on the same insulator under rain 
conditions, but with the insulator in a horizontal instead of a 
vertical position. The temperatures under dry conditions, also 
under rain conditions, in a horizontal position, indicate the pro- 
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portions of the shield and the length of the insulator are such 
that the losses in the grounded end are much greater than in the 
high potential end. The low flashover of 87 kilovolts under rain 
conditions with the insulator vertical, as compared with flashover 
of 121 kilovolts with the insulator horizontal, indicated an ad- 
vantage in breaking up the water stream. 

Figures 4-C and 4-D show the heating data on an insulator 
of the same general dimensions as the insulator shown in Figure 
4-A, but having corrugations instead of a smooth surface. The 
indicated improvements in the corrugated tube, as compared 
with the smooth tube insulator are: higher flashover dry; higher 
flashover under rain conditions in а vertical position, and lower 
losses under rain conditions with the insulator in a horizontal 
position. Higher losses are indicated under rain conditions in the 
corrugated tube than in the smooth tube with the insulator in a 
vertical position. Since low losses are of greater importance than 
high flashover, the lower losses in a horizontal position are coun- 
teracted by higher losses in a vertical position with a resultant 
small, if any, improvement by corrugations. 

Figure 5 shows heating data on а 2 inches (5.08 em.) by 315 
inches (8.89 ст.) tube insulator with a clear length of 40 inches 
(101.6 cm.) and with a 20 inches (50.8 em.) diameter electro- 
static shield. 
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Figure 6 shows heating data on a 2 inch (5.08 em.) by 315 
inch (8.89 ст.) tube insulator with a clear length of 50 inches 
(127 em.) and without the electrostatic shield. The effect of 
the physical position of the insulator is shown. 
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Figure 7 shows heating data on a 258 inch (6.02 em ) by 
316 inch (8.89 em.) tube insulator with a clear length of 60 
inches (152.4 em.) and with the 20 inch (50.8 em.) diameter 
electrostatic shield. The effect of the physical position of the 
insulator is shown. The loss in this insulator in a vertical posi- 
tion under rain conditions 1s estimated to be more than 500 watts 
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at 100 kilovolts. This estimate is based on the measured loss 
in the insulator shown in the next Figure. 

Figure 9 shows the possibility of distributing the loss along 
the length of the 60-inch (152.4 cm.) porcelain tube by the use 
of metal electrostatic-rain shields attached to the tube. By 
placing these shields in a definite position along the tube, it is 
possible greatly to reduce and improve the distribution of losses 
along the entire length, under rain conditions, without impairing 
the distribution under dry conditions. The highest temperature 
rise at 100 kilovolts with the electrostatic shields on the tube is 
15 degrees; with the cast shield alone is 48 degrees. The flash- 
over is practically the same with and without the electrostatic- 
rain shields. The measured loss of 360 watts, as shown in the 
bottom graph in Figure 9, was the basis used to estimate the loss 
at 100 kilovolts under the conditions shown in Figure 8. 

Figures 10 and 11 show the effect of “breathers” in the metal 
fittings. "These fittings are attached to porcelain tubes with 
cement which contains moisture. The cement is dried by placing 
the complete insulator in an oven. With the tube sealed tightly 
at both ends, it appears that moisture is trapped inside the tube 
and produces additional losses in the insulator, as indicated by 
the temperature data in Figures 10 and 11. It was determined 
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conclusively that the lower temperatures obtained with “breath- 
ers" were not due to circulation of air thru the tube. After the 
air inside the tube has been dried, it appears to make but little 
difference whether the “breathers” are open or closed. Ingen- 
ious methods have been devised by the manufacturers to provide 
the insulators with “breathers” that will permit the escape of 
moisture but prevent water from entering. 


TUBULAR INSULATORS WITH SHIELDS AT THE RADIO CORPORATION 
OF AMERICA’S HiGH POWER STATION 

Figure 12 shows an arrangement of salt and rain shields, 

designed by Mr. J. L. Finch, of the Radio Corporation of America, 
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to prevent rain and salt spray from depositing on the porcelain 
of the insulator. This was designed to meet an unusually severe 
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FIGURE 9 


condition of salt spray at the Radio Corporation's station at 
Kahuku, Hawaiian Islands. From Mr. Finch's description of 
the conditions there, the salt spray deposits a coating of salt 
which does not appear harmful when the coating is dry. Under 
ain conditions, the deposit becomes conducting and causes the 
Insulators to have high leakage and flashover from end to end 
at less than 100 kilovolts. "There were no indications of corona 
or any sign of failure at the time the insulator with sample shields 
was put in service, and the insulator has now been in service for 
several months. 
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Figure 13 shows an arrangement of rain and electrostatic 
shields on antenna insulators as used at the Radio Central sta- 
tion. In this arrangement, there are two insulators in series 
between each antenna conductor and grounded support. Each 
of these insulators has a 40-inch (101.6 em.) clear length of por- 
celain and each is fitted with а cast aluminum corona shield on 
the bottom and a formed aluminum rain-electrostatie shield on 
top. The distribution of voltage across these two insulators 
in series was measured by Mr. C. W. Hansell, of the Radio Cor- 
poration, and found to be approximately 75 percent of the total 
voltage across the unit on the high voltage side. 

Figure 14 shows another arrangement of electrostatic-rain 
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кіне as used at Radio Central station on insulators having а 
60-inch (152.4 em.) clear length of porcelain. 


(GENERAL DATA 
Figure 15 shows heating data on an insulator which has an 
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internal electrostatic shield as indicated. Under dry conditions 
there was no appreciable heating to 75 kilovolts; flashover occurs 
at 154 kilovolts. Under rain conditions there was appreciable 
temperature rise at 50 kilovolts and flashover occurred at 89.5 
kilovolts. The temperatures indicated were obtained after an 
application of 87 kilovolts for thirteen minutes under rain con- 
ditions. 
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Figure 16 shows flashover of the insulator with internal shield 
under rain conditions. | 

Figures 17 and 18 show corona, leakage, and flashover values 
at 100,000 cycles damped wave and at 60 cycles continuous wave 
under dry and rain conditions on the 60-inch (152.4 cm.) tube 
type of insulator and the internal shield type. 

Figure 19 shows the nature of failure of an insulator composed 
of à treated rod in the center, surrounded by a porcelain tube, 
and with the space between the rod and tube filled with pitch. 
Failure of these insulators at relatively low voltage is believed 
to be due to moisture in the wood or sharp corners on the metal 
fittings which start carbonization of the wood. Carbonization 
once started continues lengthwise thru the rod—not on the sur- 
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face of the rod—until breakdown occurs. This is clearly shown 
in the photograph. 

The tubular insulator previously shown in Figure 3 does not 
contain the wooden rod, but has been furnished with а pitch 
filling. In testing, at radio frequency, samples of these insulators, 
a number of them exhibited characteristics of high grade insu- 
lators; others failed by leakage on the inside of the tube at 
relatively low voltage. These failures must have been due to 
entrapped moisture or impurities in the pitch. 

Tubular insulators of porcelain are manufactured by wet 
process methods. Smaller insulators for outdoor radio service, 
manufactured by dry process methods, have proved unsatisfac- 
tory because of the fact that moisture is absorbed. 

Tests were made on an insulator made from 1-inch (2.54 cm.) 
diameter manila rope five feet (152.4 cm.) long, the rope having 
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been impregnated with linseed oil by a vacuum process. The 
high voltage end was protected by a bell-shaped shield 20 inches 
(50.8 em.) in diameter and 16 inches (40.6 cm.) long. Under 
dry conditions, the insulator first showed signs of stress at 91 
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kilovolts at а section 6 inches (15.2 em.) outside of the shield— 
22 inches (55.8 em.) from the high voltage end of the rope. 
The point of stress was indicated by smoke. Under rain condi- 
tions at 30 kilovolts, a temperature rise of 25 degrees above water 
temperature was obtained, quite evenly distributed along the 
length of the rope. Immediately after the rain test, а 30 kilovolt 


FIGURE 19 


run was made for 30 minutes, after which a temperature rise of 
40 degrees above air was obtained, quite evenly distributed along 
the length of the rope. Steam arose from the rope over its entire 
length and occasional sparking was observed on the surface. 
Under both the rain and drying conditions, apparently, the point 
of greatest stress was not 6 inches (15.2 cm.) outside the shield, 
as under dry conditions, but 8 inches from the grounded end. 

Figure 20 shows various types of insulators which have and 
are being used for antenna insulators. 
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DISTRIBUTION OF VOLTAGE ACROSS INSULATORS IN SERIES 

The uneven distribution of voltage across insulators in series 
is the subject of а number of published articles that treat the 
subject quite thoroly.? 


=”? 


FIGURE 20 


The voltage across any insulator in a series group is directly pro- 
portional to the current thru the insulator. The electrostatic 
capacities between the insulator fittings and the nearby ground 
and high voltage structures tend to cause uneven current to flow 
in the various insulators, as shown in Figure 21. In this Figure, 
condensers Cı, С», Сз, Са, and Cs represent the electrostatic 
capacities between fittings of each insulator; condensers Cs, Cr, 
Св, and Cs represent the capacities of fittings to ground, and con- 
densers С, Cun, С, апа Сз represent the capacities of fittings to 
the high voltage structure. Capacities to ground tend to increase 
the current thru insulators toward the high voltage end of the 
string, and capacities to the high voltage structure tend to in- 
crease the current thru insulators toward the grounded end of 
the string. The best way to obtain a more even distribution 
of voltage is to increase the capacities to the high voltage struc- 
ture, represented by condensers Cio, Cu, Сә, and Cj; in this Figure. 

Ап example of series insulators in an antenna is in the Marconi 

* Baum: “Voltage Regulation and Insulation," “Journal of the American 
Institute of Electrical Engineers," August, 1921. 


Peek: “The Insulation of High Voltage Transmission Lines," “General 


Electric Review," February, 1922. | 
Chireix: “Distribution of Voltage Along an Insulator Chain," ''Radio- 
electricité,” volume 3, number 7, July, 1922. 
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type antennas as originally erected at the New Brunswick and 
Marion stations. 

А triatic was suspended between two towers, and a string of 
21 compression type insulators in series was used to insulate 
each end of the triatic from the grounded towers. The antenna 
conductors were suspended from the triatic by tubular insulators. 
Considering the triatic insulators as a unit, it has been found 
by measurement that approximately two-thirds of the total 
antenna voltage exists across the triatic insulators and one-third 
across the antenna insulators. 


FiGuRE 21 


The measured distribution of voltage across the triatic insu- 
lators is shown in Figure 22 А. Ап arrangement of shields to 
re-distribute the voltage across these particular insulators was 
devised by Mr. J. L. Finch, of the Radio Corporation. The 
arrangement of shields and the re-distribution of voltage is shown 
in Figure 22 B. 

Tests were made in Schenectady on a string of 20 of these 
triatic insulators to determine the general characteristics of these 
strings without and with shields. These characteristics were 
obtained on a basis of heating of the insulators rather than on 
voltage distribution. Figures 23 A and B show the results of 
these tests, which indicate that the effectiveness of the shielding 
arrangement devised by Mr. Finch increased the flashover and 
practical operating voltage threefold. 


SUPPORTING INSULATORS, BUSHINGS, AND SO ON 
Supporting insulators for operation with high voltage radio 
frequency continuous waves, whether for indoor or outdoor 
service, should be designed or chosen on the same general basis 
as insulators for antennas. 
The built-up type of supporting insulator in which the sec- 
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tions are fastened together with metal fittings, are not suitable 
because of their relatively high flux density with the resulting 
high dielectric losses and the uneven distribution of voltage across 
the individual sections. 

Figure 24 shows in outline an antenna wave change switch 
which has corrugated porcel:" insulators. Spun 


Ф234 S 6€ "7 8 9 onre nns K H 8 
INSULATOR E 


DATA 


ONE INSULATOR 
DRY FLASH OVER «16.9 K.V. 
RAIN FLASH OVER = 11.7 К-У, 
HEAT RUN-RAIN- AT 10 КМ. 
ooo. 4 TEMP. RISE es*C. 


aluminum rain-electrostatic shields protect the high voltage ends 
of the insulators. 

Figure 25 shows corona at 113 kilovolis and flashover at 119 
kilovolts under dry conditions on the switch shown in Figure 24. 
Corona, as shown in the top photograph, is due to the small con- 
ductor used during these tests and to unprotected edges of fit- 
tings. "These conditions do not exist in actual installations. 
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In Figure 26, the photograph at the top shows corona and 
leakage at 109 kilovolts on the same switch under rain conditions. 
The photograph at the bottom, in Figure 26, shows repeated 
flashover at 116 kilovolts under rain conditions. For all of these 
tests, the switch arm was closed in one position and grounded 
and the voltage applied to the open contact clip. 


FIGURE 24 


Figure 27 shows in outline several types of supporting insu- 
lators and bushings suitable for the requirements of radio circuits. 


VISUAL Corona POINT AT 27,000 CYCLES ON CONDUCTORS 


Incidental to the insulator tests made at Schenectady, an, 
investigation was made on conductors of various sizes to deter- 
mine the critical visual corona point. A sample conductor 30 
feet (9.15 m.) long under test was suspended horizontally at an 
average height of 15 feet above ground. A large semi-circular 
metal plate—grounded—was placed near the center of the 30 
foot (9.15 m.) span of wire to simulate a mast of the New Bruns- 
wick type. The usual corona point was determined on each 
size of conductor at distances from 1 to 8 feet (30.5 cm. to 244 em.) 
between the wire and the mast. Figure 28 shows the results of 
these tests. Under the conditions of the test, it 1s considered 
that the mast determined, to a large extent, the corona point for 
the short distances, but that, for the longer distances, the effect 

518 


of the ground beneath the wire was the determining factor. 
These factors should be taken into account in applying these data 
to antenna conditions. The shielding effect between multiple 
wires in an antenna will tend to increase the corona point. 

The tests referred to in this paper were made at the direction 
ot Mr. E F. W. Alexanderson. I wish to take this opportunity 
to acknowledge with thanks the helpful co-operation of Mr. C. H. 
Taylor, Mr. J. L. Finch, and Mr. C. W. Hansell, of the Radio 
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Corporation of America; Mr. А. K. Hawley and Mr. A. G. 
Benard, of the Locke Insulator Company, and Mr. S. P. Nixdorff, ` 
of the General Electric Company. 


General Electric Company, 
February 12, 1923. Schenectady, New York. 
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SUMMARY: After analyzing the design considerations for high voltage 
radio frequency continuous wave antenna insulators, there are given data on 
the heating, losses, and flashover points of a number of sizes and forms of 
porcelain rod insulators, both dry and wet. The effect of rain shields, electro- 
static strain shields, and ‘‘breathers” on the behavior of the insulators is dis- 
cussed. , 

The voltage distribution across insulators in series was determined. Its 
effects on design are given. А study of visual corona point on conductors 
at radio frequencies is included. 


DISCUSSION 


D. C. Prince (by letter):* The author of this paper has stated 
that dielectric flux density, which is merely another way of say- 
ing potential gradient, decreases with increasing distance be- 
tween electrodes. He does not attempt to formulate the law of 
that variation, because the law is much too complicated to be 
covered in brief and would represent a digression from his subject. 

It is often useful to form a general idea of what is accom- 
plished when electrodes are moved apart, in reducing capacity, 
dielectric flux density and potential gradient, all of which are 
closely related. The capacity of two concentric cylinders, one 
of which has twice the diameter of the other, is about 80.8 micro- 
farads per meter of length. To find the capacity between a large 
cylinder and а small wire along its axis, it is only necessary to 
find how many times the wire size must be doubled to obtain 
the cylinder diameter. Each time the diameter is doubled is 
equivalent to а condenser of 80.8 mmf. capacity per meter in 
series, so that the final capacity is 80.8 in micro-microfarads per 
meter length divided by the number of doublings. 

If a potential difference is established between wire and 
cylinder, the different 80 mmf. condensers divide the voltage 
equally. Thus, if the wire diameter is one-quarter inch (0.64 cm.) 
and is doubled ten times to give a cylinder diameter of 10 feet 8 
inches (2.7 m.), a voltage of 1,000 will give 100 volts drop in the 
first one-eighth inch (0.32 em.) from the conductor and 100 volts 
in the last 2 feet 8 inches (0.68 m.) from the cylinder. This gives 
a ready measure of the concentration of potential gradient and 
dielectric flux around a wire lying along the axis of a cylinder. 

The capacity of a wire to a plate with which it is parallel is 
the same as that of the same wire to a concentric cylinder having 
a diameter four times the distance from wire to plate. This 
assumes the distance between wire and plate to be several 
diameters, so that the equipotential surfaces immediately around 
the wire are nearly concentric cylinders. If the capacity of wire 
to cylinder and wire to plate are the same and the same voltage 
is impressed, the same gradient around the wire will result. 

If a single long insulator or a string of insulators is stretched 
from а wire, it obviously varies the potential distribution some- 
what. However, а consideration of the potential gradients in 
air is the first step to a realization of the phenomena under- 
lying the concentrations of voltage gradient and dielectric flux 
density which produce the results discussed in Mr. Brown’s paper. 

*Received by the Editor, March 4, 1923. 
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A. О. Austin (by letter):* In looking over the paper it would 
appear that the insulators placed on test are practically all of 
the porcelain rod type. This type of insulator has been used to 
а very large extent owing to war conditions. The mechanical 
hazard of this {уре of insulator will cause it to be eliminated, 
imply as a matter of time. 

Most systems can operate with a eap and pin type of suspen- 
sion insulator when the same is modified slightly. 

For the very large high grade stations it is advisable to 
Insulate the tower by inserting insulators at several different 
zones, particularly near the top. By using a method of this kind, 
the effective height of the tower is increased and a high degree 
of reliability is maintained. The absence of a large number of 
Insulators in multiple also cuts down leakage losses, which is a 
deeided advantage. 

Insulators of the insulated control type are far more reliable 
and ean be operated at a much higher voltage than any of the 
Insulators with the bare screen, The problem involved in in- 
sulating the super-power lines of the future are the same as those 
in connection with radio work 1n many respects. 


W. W. Brown (by letter): In comparing the problems in- 
volved in insulating high power radio antennas and super-power 
lines of the future, we must not lose sight of the fact that flux 
densities which are permissible in insulators for 60 eveles сап 
seldom be used in insulators subjected to radio frequeney con- 
tinuous waves, beenuse of the high dieleetric loss. It is because 
of the faet that a tubular or rod insulator may be effectively 
shielded in a simple manner and obtain satisfactorily low flux 
densities in the dielectrie that this type of insulator gives satis- 
factory service at radio frequencies. 

Statisties show that, mechanically, the tubular type of in- 
sulators is entirely satisfactory, as mechanical failures are ex- 
tremely rare under all conditions In which the electrical ratings 
are not exceeded, 

The effective height of a given antenna is undoubtedly higher 
with the insulated towers than with grounded towers. When it 
is considered that so-called: insulated tower is electrostatically 
coupled to antenna and ground, the apparent advantage of in- 
sulating the tower is not fully realized. It is our opinion that 
the difheulties encountered in insulating the large tower struc- 
tures and the expense involved are not justified by the advan- 


*Received by the Editor, March 4, 1923. 
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tages which might be realized. "The trend, in the design of large 
antennas, appears to be away from insulated towers. An ex- 
ample of this is the 860-foot (262-meter) tower at the Tuckerton 
Station which was originally erected with insulators, but these 


have since been removed. 
April 18, 1923. 
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VACUUM TUBES AS POWER OSCILLATORS* 
(PART III) 


Bv 
D. C. PRINCE 


(RESEARCH LABORATORY, GENERAL ELECTRIC COMPANY, SCHENECTADY, N. Y.) 
CHAPTER VI 
PowER AMPLIFIER CIRCUIT 


Because of its constant frequency characteristics, there are 
some applications for which it is desirable to secure a higher 
power radiation by establishing a lower power oscillation under 
very constant conditions and then amplifying these oscillations 
by means of a higher power vacuum tube. The problems en- 
countered by doing this are most pronounced when the load 
circuit is very highly tuned. It is therefore instructive to examine 
the operation of a power amplifier for conditions such as those 
presented by a large trans-Atlantic antenna. 

Figure 42 has been drawn up showing the effects on the 
primary circuit given at various frequencies and with various 
degrees of coupling. We are informed that changes in wind and 
temperature may change the antenna capacity sufficiently to 
thange its resonant frequency 0.3 percent. 

First assume that an amplifier battery is conductively coupled 
to the antenna as shown in Figure 44. For simplicity, we will 
select a coupling of 20 ohms, since this is the largest scale coupling 
curve completely shown on Figure 42, The following table shows 
the total impedance presented to the tube output current from 
the curve at various amounts of detuning. 


Detuning С 0| 0.05! 0.10) 0.15) 0.20) 0.25] 0.30 
Resistance 22.2 20 16 11.5 8.4 6.2 4.7 


Reactance 0 6.4 10.3| 11.2 11.0 10.1 9.2 
Impedance...... .{ 22.2| 21.0. 19.0| 10.1] 13.811.9511.32 


*Received by the Editor, March 15, 1923. Continued from PROCEED- 
моз or THE INSTITUTE OF RADIO ENGINEERS, volume 11, numbers 3 and 4, 
lune and August, 1923. 
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It is apparent that maximum impedance occurs at resonance, 

Since with constant emission and grid excitation the current can 

not rise with decreasing impedance, we may assume it constant 

Output is then the square of current times resistance. Inpu 
remains constant. 


FIGURE 44—Power Amplifier Circuit Directly Connected to Antenna 


200.000 
223 

If the efficiency at resonance is 80 percent, input is 200 ‘0.8 = 
250 kw. The corresponding outputs and losses are shown in the 
following Table. Antenna current is proportional to the square 
root of power output and is also given. 


200 kw. at 22.2 оһтв | = 95 amperes. 


Detuning %...... 0, 0.05] 0.10 0.15| 0.20 0.25 0.30 

Resistance (effect- 
lVe)........... 22.2 

Output Kw.......| 200 


Loss Kw 
Antenna Current 


It is apparent that detuning 0.1 percent doubles the loss and 
reduces the current to 85 percent of its maximum value. A 
further detuning to 0.3 percent again doubles the tube loss and 
reduces the radiation to less than 50 percent. At the wave 
length being used 0.1 percent represents 18.3 cycles and 0.3 
percent represents 54.9 cycles. It is doubtful if these frequency 
variations would justify the adoption of this system in this case. 
The variations in tube loss and antenna current are undoubtedly 
more important than the slight frequency variations. 

By interposing an intermediate circuit between antenna and 
tubes, the situation 1s altered somewhat. The circuit is shown 
in Figure 45. The impedance characteristics can still be taken 
from Figure 42. | 
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F IGURE 45— Power Amplifier Circuit Connected to Antenna 
Thru an Intermediate Circuit 


The full line curves represent apparent primary reactance 
due to the coupled antenna, while the dotted curves represent 
apparent primary resistance due to the coupled antenna. 

When the antenna is exactly in tune, the reactive component 
of reaction upon the primary is zero. The resistance component 
for 200 kw. in the antenna is 4.25 ohms and the required coupling 
is, by interpolation, about 8 ohms. The power amplifier im- 
presses а voltage upon the circuit sufficient to cause a current of 
217 amperes to flow in primary condenser and inductance. Then, 

E,=217 X51 = 11,070. 
Kva. in condenser аге 2172 X51 = 2,400 wattless leading. 

Kva. in inductance are 2177 X51 = 2,400 wattless lagging. 

Actual power is 217?x 4.25 = 200 kw. 
Total input = 200 kw. 
Input impedance = x : Mes — 612 ohms resistance. 

Obviously this result in ohms is not dependent upon the choice 
of 11,070 volts, but would have been the same with any other 
voltage. 

Now, inspection of the curves on Figure 42 shows that the 
maximum reactive effect of the antenna occurs for a detuning 
of only 0.15 percent in frequency. Since this is within the ob- 
served variation of the antenna, this point will be passed thru 
for the variation of 0.3 percent and more often for lesser varia- 
tions. 

For this amount of detuning, but with the same coupling as 
before, the antenna reacts upon the primary by 2 ohms resistance 
and 2 ohms inductance as interpolated from the chart. This 
amount must be added algebraically to the impedance of the 
inductive leg of the primary. The current in this leg is then 


51 
== Ke 2 
53 < 17 = 208.8. 
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Куа. in condenser аге 217? X51 = 2,400 wattless leading. 
Kva. in inductance are 208.8? X 53 = 2,310 wattless lagging. 
Actual power is 208.8*X2—87.2 kw. 
Total 90 Kva. leading, 87.2 kw. energy. 

125.2 kva. total 
,070? 


11 
125,200 — 078 ohms 


704 ohms reactance 
682 ohms resistance 


These values are also independent of the choice of 11,070 volts 
impressed. 

Now the vacuum tubes which would supply 200 kw. to this 
antenna would have an efficiency of about 80 percent and space 
charge drop of about 10 percent. For purposes of calculation, 
we may assume that the method of Chapter II is sufficiently 
accurate, therefore from Figure 14 the angle during which cur- 
rent flows is 125°. 

11,070 

The fundamental component of output current is — 62 ~ 18.1 
amperes. The current wave is found as follows: Since the space 
charge drop is 10 percent, the impressed direct potential is 

100 


11,070 1.41 X 30 7 17,320 volts 
The average current is 
200,000 X pi 
80 — 14.45 amperes 
ШЕТ 320 ' 
but, since all the current flows in 125°, the average while flowing is 
360 
14.45 X 195 > 41.6 amperes. 


cos 62.5? — 0.463. 
The average between — 62.5? and 4- 62.5? (referred to the line 
of symmetry) = 
462.5 
"aT 0d0- = X 2 sin 62.5? = 0.814 
To this scale the maximum ordinate is 1. 

The average positive value of the curve is 0.814 — 0.463 = 
0.351. This same curve, converted to a scale at which the aver- 
age for 125? is 41.6 amperes, is the positive part of the curve. 

ie cos 8 — ae 0.463 
= 118.5 cos 0— 54.9 
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A Fourier analysis of this wave gives, as the r.m.s. 
value of the fundamental component, 18.1 amperes, as would be 
expected. 

Now, when the antenna is detuned, the current cannot in- 
crease, due to the fact that both emission апа grid excitation have 
remained constant. It may decrease, however, especially since 
the cireuit impedance has been increased by detuning. If we 
should arbitrarily limit the current to a low value, the alter- 
nating plate voltage would be low and the current would be 
limited in no way by the voltage. As the current is gradually 
raised, a point is approached where the plate voltage becomes 
zero for a moment. Asthis point is approached, the angle during 
which current can possibly flow is rapidly cut down. Referring 
to Figure 46, which shows the plate current and plate voltage 
waves, while C < E there is no limit to the time during which 
current can flow, but when C = E then 2 Y is the greatest angle 
unless the current wave is decidedly deformed. If emission and 
grid excitation are such that, with the reduced angle, the voltage 
cannot be maintained, giving С> E, the value of C cannot rise 
further. If, on the other hand, C can be maintained even with 
a<“, the current can continue to rise until a+B=y. At this 
point the current wave for a given grid excitation can rise no 
farther for the shape of the current curve is dependant upon grid 
excitation and no current can flow with the plate negative. In 
order to find out whether C can be greater than E, it is only neces- 
sary to solve the border line case where C = E. 

Referring to Figure 46, it may be assumed that, for our pur- 
pose, the current which does flow is part of the same sine wave 
of 118.5 amperes amplitude, but that the other or bias term - 
changes. 


pores 


Ficure 46—Plate Voltage and Current Relations in a 
Power Amplifier Circuit 
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Let E-direct voltage impressed = 17,320 volts. 

| = amplitude of current wave = 118.5 amperes. 
b= bias of current wave = 54.9 amperes minimum. 
?=amplitude of voltage wave. 
У = power factor angle of circuit = cos—!0.697 = 46°. 


E 
B-cos—! ` 
C 
b 
((= CON — - 
a 


Z=cireuit impedance. 
R —apparent resistance. 
m=amphltude of fundamental component of plate current. 
`. . ` (7 Cx 682 Са е р "ә 
Cireuit absorption2 = R= С, = 350 Ж 10-6 С° 
D t 2X95 
" ш C cos Y 
Tube output— O ` 
For a steady state, the output and absorption аге equal, 
therefore: 
MM en. m C cos Y 
DoD HU TTC EU SS UT 
- т сох Y 
озо ЫЕ 


By Fourter’s method: 


m= | | | (а cos? I — b сох n d (i 


Hp s A ` 
= a( + i 28 — b sin 0 


ГДЗ Nm — («0 


1 "o. : 
= (teat Qn уи —2 Db sin <+) 


If C» E. 0<1. In the dividing case C=F and о= Y. 


Then b=a cos ¥ =118.5X 0.697 282.0, and 
J0- 118 . . 

— V sin 92? —2 X 82.6 sin A6? 
juu 2 ` aS ) 


| с 
= (118.0 Хх 
es 3 
12.5 x 0.697 
(= 0775577. 212,340 volts 
IX 50 X10 ° 
It appears therefore that, altho with an unrestricted current 
angle the voltage could have risen so that C =1.41 X 18.1 X978 = 
25,000 volts, the restriction in current angle prevents a higher 
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value than 17,320, which is E. Actually, it is restricted to a 
slightly lower value, because considerable current must flow at 
the point in the cycle when the alternating plate voltage is 
at its maximum value. If we assume that a difference between 
plate and filament potentials of 1,000 volts will be sufficient, then 
for C —16,320 

8 16,320 х2 X356 х10 ó 

0.697 


To determine the current curve, assume а series of values of a. 
The computation is shown in the Appendix to this Chapter 
(Table III), from which, by interpolation, for m=16.7, ¿= 53? 
Output —C?x356X10 = 16,320? X356 х 10-* = 94.8 kw. 

Input = Ex: average 


=16.7 
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=17,320x! f (118.5 cos 0 —71.3)d 0 
T0’ 
_ — 


118.5 sin 53* — 71.8 X 2 =) = 158.8 kw. 
180 
Loss = 64 kw. 

Thus, by using an intermediate circuit, the loss has been pre- 
vented from rising as rapidly as when no intermediate circuit 
was used. A further detuning causes a further rise in impedance 
with probably lessened loss. 

The method here used is too approximate for great re- 
liance to be placed upon it, altho it shows the order of perform- 
ance, which may be expected with a power amplifier circuit using 
a grid resistance bias. An exact study can, of course, be made 
by the method developed in Chapter I. Due to the inconstancy 
of grid phase angle, many special phenomena are bound to occur 
under detuned operation. Upon their seriousness, in any given 
case, will depend the care which must be exercised in maintenance 
of adjustment. 
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ANALYSIS OF CURRENT WAVE TO FIND Unity P. F. COMPONENT 


Let a= 


a (radians) 
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CHAPTER VII 


IMPROVEMENT OF OSCILLATOR EFFICIENCY BY THE USE or 
HARMONICS 
In all of the foregoing analyses, it was assumed that the cir- 
cuits were so tuned as to respond sinusoidally. Thus the doubly 
periodic circuits have been adjusted to avoid having one fre- 
quency a multiple of another, and so on. As long as the circuit 
response is sinusoidal, the fundamental current component in 
phase with the voltage alone represents output and all other 
components are loss. The following discussion shows that 
efficiency and output conditions may be changed materially 
if arrangements are made to have the load circuit responsive to 
certain harmonics, so that all input on these harmonics need not 
be absorbed as tube loss. 
Referring to Figure 47, let: 

X =impressed direct. potential. 

ey =instantaneous drop from plate to filament. 

c, — instantaneous drop from grid to filament. 

1,-: nstantaneous plate current. 

1, = instantaneous grid current. 
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Then 
X i, instantaneous input. 
(X —e,) 1 2 instantaneous output neglecting grid loss. 
et = instantaneous grid loss. 
(X —e,) 1; — e, 1, = instantaneous net output. 
(X zen te н — instantaneous efficiency. 
p 


0, = Angle at which 2, — 0. 


FIGURE 47— Plate Potential and Current Waves for Cir- 
cuit Containing an Harmonic Trap 


Neglecting for the moment the grid loss, -— x * =instan- 


taneous efficiency. For high average efficiency, it 18 only neces- 
sary to keep e, small for a considerable portion of the cycle. 

This can be done by utilizing а voltage wave which is not а 
pure sine wave, but contains harmonics in the proper phase 
relations to give a flat topped wave as shown in Figure 47. It is 
obviously not sufficient to show that such & harmonic, if it ex- 
isted, would improve efficiency. Тһе harmonic must be set up 
in a circuit tuned to it, and the losses of that circuit must be sup- 
plied by the oscillator. Otherwise, the whole matter is of hypo- 
thetical interest only. We will, therefore, assume a desired har- 
monic to exist in the voltage wave and examine whether there 
will be sufficient output on that harmonic to maintain the har- 
monic voltage. 

Let, 

e = X — А cos Ü-- B cos n 0 
Then 
(А cos 0 — B cos n Û) ї„= output neglecting grid losses, that 


А cos 6 · ip= output on the fundamental 
— В созт 0 · i, output on the nth harmonic. 
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If, when z, is determined by means of a tube characteristic, 
the harmonic in question is shown to have a sufficient positive 
output, it may be built up in a resonant trap circuit as shown in 
Figure 49, to maintain the voltage wave in its proper amplitude 
and phase. If the harmonic output is very small, it may not be 
sufficient to sustain the voltage. If it is negative, a harmonic 
voltage in the wrong phase will be built up. "This will give a 
peaked rather than a flat topped voltage wave and reduce the 
efficiency rather than increase it. 
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FiGvuk 48—Caleulated Variation of Output of a 
UV-206 Radiotron with Emission at 15,000 v. d. c. 
and 350 Watts Tube Loss 


The cases of positive and negative harmonic outputs can 
readily be demonstrated by calculating for the same current wave 
the harmonic output on two different harmonies. The assumed 
` characteristic is shown on Figure 4. For sinusoidal plate and 
grid excitation, the outputs, losses and efficiencies are shown in 
Table IV. Obviously from Figure 47 the instantaneous har- 
monic outputs for 0; — 0 are negative for a flat topped wave. In 
order for the net output to be positive, therefore, three half 
cycles of the harmonic must occur while current is passing. That 
is, if a fifth harmonic is to be built up, the opening angle should 
be approximately 108° and, if a third harmonic is desired, approx- 
imately 180°. The corresponding values of 0, are 54° and 90°, 
respectively or, for round numbers, 60° and 90°, ñ, being half 
the opening angle. 
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Table V shows the calculated performance using a fifth har- 
monic in the voltage wave. It is apparent that at 0, = 60? sixteen 
watts are available to sustain the harmonic oscillation, while for 
0, — 90? no energy is available. Table VI shows the correspond- 
ing calculated performance using a third harmonic in the plate 
potential. For 0,260? the harmonic output 18—77 watts, so 
that the harmonic would tend to build up in the wrong phase and 
no good results would follow. For 0, = 90° thirty-eight watts 
are avallable for losses in the harmonic trap circuit. The rela- 
tion between available harmonic watts and harmonic voltage is 
determined by the trap circuit design. 

Thus with the characteristic and circuit constants shown, 
it is possible, with an efficient harmonic trap, to improve over-all 
efficiencies materially. The output of a properly designed 
tube is limited by the permissible heat dissipation. "The varia- 
tion of output with efficiency is, therefore, expressed by the rela- 
tion, 

Output Efficiency 

Losses  1—Efficiency 
On this basis, when 4, is 60°, the output is increased 57 percent by 
the use of a fifth harmonie circuit, and when 0, is 90°, an in- 
crease of 95 percent is obtained by the use of а third harmonic 
circuit. 

Such an increase as that noted assumes that efficiency is 
solely a function of opening angle which is not necessarily the 
case. Table VII shows the effect of varying emission on efficiency 
and output for 0, = 60°. From this it appears that by maintain- 
ing the opening angle and increasing the emission, the efficiency 
is only slightly affected, so that without harmonic circuits a 
higher emission merely overheats the tube. 

Some additional output can be obtained by increasing emis- 
sion and reducing opening angle without harmonic circuits. The 
increase of 57 percent in output at 0, = 60° by using a fifth har- 
monie corresponds to an emission increase of approximately 
51 percent, that is, from 0.7 to 1.1 amperes. Figure 48 shows 
the increase of output obtainable by increasing emission and 
reducing opening angle to maintain constant loss. The in- 
crease of emission from 0.7 to 1.1 would increase output 20 
percent without the use of an harmonie circuit. The increase 
possible by the use of the harmonic circuit must rightly be re- 
ferred to this figure. The net improvement ascribable to the 
harmonic is therefore 197120 or 30 percent. 'That no such 
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gain is obtainable by further increase in emission, without har- 
monics, is apparent from the curve. 

Where the harmonic output is insufficient to maintain the 
oscillations in the harmonic circuit, it is necessary to reinforce 
it. Anything which will flatten the current wave will add to the 
harmonie output. Emission limitation tends in this direction 
or a small part of the harmonie energy may be returned to the 
grid and the harmonie built up to any desired value. The frac- 
tion of the total harmonic energy supplied in this latter way must 
be relatively small as otherwise there is nothing to maintain the 
proper phase relations. 

Figure 49 shows the type of circuit in which a plate potential 
harmonic can build up. 
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Fiaure 49 Harmonic Trap Oscillating Circuit 


The foregoing conclusions are based on calculations from 
characteristic curves and not upon input and loss tests of an 
oscillating tube. To this extent they are theoretical. The prin- 
ciples involved in the calculations are all simple and have been 
verified by tests on sine wave circuits. Since the characteristics 
of different types of tubes are apt to vary, particularly with re- 
gard to the harmonic content of the current wave, the proper 
method of securing harmonic energy cannot be stated in the 
general case. The amount of increase in output obtainable de- 
pends upon the efficiency of the tube as represented by the 
percentage of the total voltage necessarily lost in space charge 
drop. The higher the efficiency in this respect, the greater will 
be the percentage improvement from the use of the harmonic 
circuit. 
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TABLE IV 


15,000 Volts 0.7 Ampere Emission 
Plus 650 Grid Maximum 
813 Minimum Plate 


Electron Loss.......... 
Total Loss............. 


TABLE V 


15,000 Volts 0.7 Ampere Emission 
Maximum Fundamental 15,000 
Maximum Fifth 800 
Maximum Plus Grid 640 


Electron Loss. ......... 

Total Loss. ............ 

Fundamental Output.. .. 

Efficiency 

Fifth Harmonic Output. 
(Counted as Loss) 


TABLE VI 


15,000 Volts 0.7 Ampere Emission 
Maximum Fundamental 16,400 
Maximum Third 2,200 
Maximum Plus Grid 640 


Eleetron Loss.......... 


Total Loss............. 


Fundamental Output... . 
Efficiency.............. | 
Third Harmonic Output. x 
(Taken as loss where +) 
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TABLE VII 


15.000 Volts 

Minimum Plate 800 Volts 
Maximum Plus Grid 640 Volts 
t, = 60° 


Finission......... 


Input 2.165 
llectron Los 380 
Total Loss............. | 415 
Output | 1.750 
Mfheteney ll Узб шалы | 80.9 
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APPENDIX 
RADIOTRON THEORY 


A brief review of some of the less obvious features of tube 
performanee may contribute to the solution of certain problems. 
In the following discussion an attempt is made to cover the va- 
rious factors briefly, giving the theroretical equations and indi- 
eating the degree of correspondence between quantitative theory 


and practice. 


мох 

A tungsten filament heated gives off electrons. The volts, 
amperes, watts, and temperature for a given. emission from а 
ten-mil filament are shown in Figure 50. The values so obtained 
praetiezlly never. correspond to. those observed in an actual 
radiotron. The reasons for the departure are of two kinds. Tem- 
perature effects are introduced by the other electrodes and by 
the filument-supporting structure and by the emission currents 
themselves. The enclosing electrodes tend to refleet a eonsider- 
able amount of heat back to the filament. In a perfectly sym- 
metrieal eviindrical tube reflected heat is focused on the filament 
so that the rated current may considerably overheat it and in- 
crense emission. Voltage has a less effect since the increased 
temperature is accompanied by inereased resistance. The usual 
unsviInmetrieal filaments are not so positioned as to receive any 
great heat reflection. 

Leads and supports exert a cooling effeet on the ends and 
other parts of the filament. These effects reduce emission, Such 


510 


a reduction is easily allowed for by considering the effective fila- 
ment somewhat shorter than the actual length. 

If the filament-heating current is alternating, and of a differ- 
ent frequency than the circuit in which the tube is being used, 
the current in the ends of the filament will be increased sym- 
metrically by the emission current. This effect offsets the cool- 
ing due to the leads. If the filament heating is by direct cur- 
rent, or is synchronized with the emission one end of the fila- 
ment is unduly heated and the total emission is increased 
considerably. 


Watts, Amperes and Volts perInch 
Hundreds of Deqrees Kelvin, Hundreds of Hours Life 


40 60 80100 200 А 600 800 1000 
Emission (Milliamperes/Inch) 


FicvRE 50—Heating Energy for 10 mil (0.01 inch or 0.025 ст.) 
Filament. For filament of diameter d, holding temperature con- 


a tent d 

Emission, = Emission > 10 Watts, = Watts: X 10 
| dV | d 
Fil. amp., zFil. атар. X (0) Life, = Life; X 10 


dY-i 
Fil. volts, = Fil. volts: X (то) 


The greatest filament life is obtained when the heating is 
most uniform over the whole length. This requires either asyn- 
chronous heating or heating and emission currents in quadra- 
ture. 

Besides heating effects, the form of the filament may greatly 
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affect. emission, A closely wound helical filament e'ectrostatic- 
ally shields the insides of its turns. А similar tho less marked 
effect. occurs with V and W filaments. The potential differences 
between adjacent legs of filaments also interfere with emission 
from the positive portions. 

Altho, theoretically, these shielding effects should appear as 
changes in space charge rather than in emission, the voltages 
required to draw off all the electrons emitted become too high 
for observation in static tests. A typical example of the dis- 
crepancy between theoretical (straight filament) and observed 
emission for a V filament is shown in Figure 51. As stated above, 
a straight filament along the axis of а cylinder will practically 
equal the theoretical emission or may even be higher, due to heat 
reflection. It will be noted that the observed emissions in Figure 
51 are much closer to the theoretical for large filament current. 


Pienen "t. eN Napanee 


FIGURE 51—Electron Emission for a UV-218 Kenotron. 
"V" Shaped 18 mil. (0.018 inch or 0.0457 em.) Tungsten 
Filament—4.25 inches (10.8 cm.) Active Length 


One possible explanation is that, at higher temperatures, the 
electrons are able to pass by initial velocity out of the regions 
most shielded by the other strands of filament and supports. 
The transition from space charge to emission limit is very grad- 
ual in tubes having complicated filaments. А good example of 
this is found in Figure 52. This tube has a double V filament 
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and support all close together. Theoretical emission is 10 to 12 
amperes, but saturation begins to set in at 5 amperes below 
which point it is presumed that only the outsides of the filament 
strands are active. "Theoretical data is, therefore, not directly 
applicable in determing emission with present types of filament. 
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ИН 
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Grid Voltage 
FIGURE 52—Extrapolated Characteristics of a Water-Cooled 
diotron 


SPACE CHARGE 


The theoretical space charge equation for cylindrical tubes is, 
Ly? 
1= 14.65 1075 RB’ 
Figure 53. 8? is a function of relative radii of cathode and anode. 
When the cathode is more than one-tenth the anode diameter, 
В? is no longer unity. For conditions where £? is different from 
unity, its value is plotted in Figure 54. The above formulas 
assume that the filament is a constant potential surface. The 
filament-heating current causes a drop along the filament so 
that it is not a constant potential surface. The error involved 
by neglecting this drop is plotted in Figure 55. For an anode 
potential less than the filament drop, the filament being excited 
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For B2=1, this relation is plotted in 


A 


10 20 ^40 60 80 100 200 400 600 8001000 
Milliamperes per Inch 


Figure 53—Space Charge for Cylindrical Anode of Radius R Com- 


LV3 
puted from Formula i = 14.65 X 10-* R 


by direct current, the space charge current is given by the rela- 
tion 
y?2 
| = 0. 4x K 1 =: T. 
К = 14.65 X 10-5 for a cylindrical anode 
n = 1 for a cylindrical anode 
„= Filament drop. 

Some misapprehension exists regarding the closeness of these 
formulas to practice. In a three-electrode tube, it has been found 
empirically that the plate voltage-plate current curve for zero 
grid volts approximates a parabola, and this has been cited by 
some authors in disproof of the 3/2 power law. In the three- 
eleetrode tube, the potential which must be used is the resultant 
of plate and grid potentials. For amplifier tubes this resultant 
voltage is practically always of the same order of magnitude as 
the filament voltage, so that the characteristic varies between 
the 3/2 and 5,2 power with the square law as a frequent average. 
This is clearly brought out by van der Bijl (“The Thermionic 
Vacuum Tube," page 236). 

The correspondence between theory and observation is shown 
bv Figure 56. The active length necessary to make theoretical 
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and observed curves coincide is 23⁄ inches (6.04 cm.), which, 
allowing for the cooled ends of the filament, is very close to what 
would have been expected. The exponent is 3/2. In this case 
the filament voltage is 11. The departure from the three halves 
power law is, therefore, only 0.1 percent, according to Figure 55. 


FIGURE 54—Space Charge for Cylindrical Anode and 


LV? 


9 
- 


Cathode of Infinite Length. i=14.65 


X10-$, i is 
rB 


current in amp., E is potential in volts, r is radius of 

anode, a is radius of cathode. L is the length of the 

section considered. For large values of r/a the value of 
В? approaches unity 


In the case of a radiotron, the potential effect inside the grid 
is a composite of grid and plate voltages. Also the diameter of 
& cylinder, which would have the same electrostatic effect, is 
а compromise between grid and plate. For a close mesh grid 
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the equivalent diameter is little different from the grid diameter. 
Figure 57 gives the theoretical space charge current for a tube 
having the same filament and plate as the kenotron in the pre- 
ceding paragraph, but with a grid added. Observed values cor- 
respond with the theoretical within the limits of experimental 
error. It appears that below currents at which saturation be- 
gins to become apparent, theoretical space charge equations 
may be used with a high degree of accuracy if the active fila- 
ment’ lengt h and effective anode diameter are known. 


1.10 
1.08 
1.06 
сс. 
1.04 
è 
1.02 
100; 2 3 А 5 
V/v, 
Figure 55—Correection for Filament Drop. 
Кү, j 
ъ= р". = 2 ха 


Vis potential between anode and negative end 
of filament. V, is filament drop. For V «V, 


| L T" 
the active filament length is LX y: giving 


M. 
bj 
2 
r 


КА 
i=0.4 А ry, 
AMPLIFICATION CONSTANT 

No really successful theoretical equations for amplification 
constant for radiotrons seem to be available at present. The 
older formulas usually assume the grid wire diameter very small 
eompared with the spacing. These formulas are greatly in error 
for very many amplifier and most power oscillator tubes. Even 
without this limitation, the presence of grid supports is а serious 
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source of error. In general, therefore, only empirical methods 
ue available for predetermination of p. 

The determination of amplification constant has, however, 
meen given much study, and a large mass of empirical data is 
t vuilable. 


Current (Amperes) 


01 0.2 04 06 0810 20 4.9 
Anode Potential (Kilovolts) 


FIGURE 56— Space Charge Characteristic 
UV-218 Kenotron. “V” Shape 18 mil. (0.018 
inch or 0.046 cm.) Filament 5.5 inch (14.0 
cm.) long. Plate 1.5 inch (3.8 em.) diameter 
by 3 inches (7.6 cm.) long. 
NoTE:—This curve obtained by test checks 
the theoretical values assuming 2.375 inches 
(6.04 cm.) effective length for each leg of “Y” 


DivisioN OF PRIMARY ELECTRONS 


The most fundamental law applying to the division of cur- 
rent between grid and plate is that the velocity of an electron is 
proportional to the square root of the potential thru which it 
has fallen. By the application of this law, an electron cannot 
strike an electrode negative with respect to the cathode bv a 
potential more than that corresponding to the emission velocity. 
"Therefore, for negative grid potentials, the grid current is zero. 

Except near the grid wires themselves, the grid exerts a nearly 
uniform effect upon the electrons and, as the electrons repel each 
other, their distribution as they approach the grid is quite uni- 
form. Аз they approach the grid, they pass into a field radial 
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Space Charqe Amperes(Grid + Plate) 


FIGURE 57—Space Charge Current for a 
UV-206 Radiotron. “V” Shaped 18 mil. (0.018 
ineh or 0.045 em.) Filament 5.5 inch (14.0 
em.) long. Plate 1.5 inch (3.8 em.) diameter 
by 3 men (7.6 cm.) long. Grid 30 turns per 
inch (11.8 turns per cm.) 10 mil. (0.01 inch 
or 0.025 cm.) wire 0.75 inch (1.9 cm. diam- 
eter). и 2250 
NoTE—The curve is the theoretical curve 
using 2.375 inch (6.04 cm.) active filament 
length and grid diameter. Experimental 
points were taken at 16.1 amperes filament. 


with respect to the grid wires. Since they have already attained 
most of their velocity, their inertia will prevent their following 
this radial field, provided their velocities are in a materially 
different direction. Those which would strike the grid without 
deflection will strike it as long as it is positive. A small number 
of additional eleetrons will be sufficiently deflected to strike the 
grid. The number striking will then be a function of projected 
grid area and, provided the plate is sufficiently positive to col- 
lect those which pass thru, the ratio of grid to plate current will 
be independent of their relative potentials. "There is good evi- 
dence that the division of primary electrons is determined in 
this way. 


SECONDARY EMISSION 


If the conclusion of the preceding paragraph is correct, the 
departure of the grid-plate current ratio is due to secondary 
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emission. Quantitatively, secondary emission is not well under- 
stood. Qualitatively, it is known that an electron striking а 
surface with a velocity of more than about 5 volts may hound 
off or knock off one or more other electrons. The number is 
varied by the velocity of bombardment, by the condition of the 
surface, and by the presence of traces of gas. The velocity of 
secondary electrons may be а considerable fraction of the bom- 
barding velocity and be of the order of fifty or sixty volts. 

Such secondary electrons are normally given off by both grid 
and plate of a radiotron and greatly affect the current division. 
For high plate potential and low grid potential, the secondaries 
travel in greatest numbers from grid to plate so that the grid 
current may not only be reduced below the projected area value, 
but may even become negative and cause blocking. As the grid 
and plate voltages approach one another, the greatest flow turns 
toward the grid, which may not only receive more current than 
that determined by the projected area ratio but even more than 
the plate itself. This accounts for the shape of the characteristics 
which are included in the body of the report. 

The loss of electrons from plate to grid operates to give satur- 
ation and to limit the amplitude of oscillations. Its effect is 
entirely stable, but it operates to limit possible tube output and 
efficiency. Loss of electrons from grid to plate operates to reduce 
grid loss and is an advantage up to the point of current reversal. 
It would still represent an advantage, since the grid then con- 
tributes to the output, except that the reversed grid current 
upsets the usual biasing arrangements. 

The geometrical factors that enter into the interchange of 
secondary electrons are closeness of grid and plate by comparison 
with plate-filament spacing. When plate and grid are relatively 
close together, compared with the distance to the filament, there 
is little space charge between grid and plate, so that there is little 
opposition to secondary interchange. The reverse is true for 
large grid to plate spacings. 

Much of the material from which the curves in this section 
were derived was obtained from Dr. Irving Langmuir. 
SUMMARY: Chapter VI. In the “master oscillator" or “power ampli- 
fier" circuit oscillations are generated by a small power source and then ampli- 
fied. In the amplifier there is no definite phase relationship between plate 
and grid potentials. The phase is determined by the tuning of input and out- 
put circuits. The effect of variations in grid and plate circuit tuning upon 
output and losses is developed for both direct coupling to the antenna cir- 
cuit and coupling thru an intermediate circuit. 

Chapter VII—It is shown by the general method of Chapter I that con- 


siderable increases in both efficiency and tube output can be obtained by intro- 
ducing harmonics into the plate voltage wave. The purpose of these har- 
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monics is to flatten the top of the wave so that tube losses may be main- 
tained at a minimum value during a large part of the time during which 
current is flowing. 

Appendix— The general explanations of vacuum tube phenomena are sup- 
plemented by more detailed data giving the correspondence between theo- 
retical, ideal, and actual values for emission and space charge. The theory 
of division of primary electrons between grid and plate when both are positive 
is explained. The effects of secondary emission in producing blocking and 
influencing efficiency are discussed. 
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THE EFFICIENCY ОЕ THREE-ELECTRODE TUBES 

USED FOR THE PRODUCTION OF CONTINUOUS WAVES 

IN RADIO TELEGRAPHY, THAT IS, FOR THE CONVER- 

SION OF DIRECT CURRENT INTO ALTERNATING 
CURRENT* 


Bv 
MARIUS Latour AND Н. CHIREIX 


(Paris, FRANCE) 


It is known that the anode-circuit efficiency of three-electrode 
tubes operating as alternating current generators, and in par- 
ticular as generators of radio frequency currents such as used in 
radio telegraphy, may, with appropriate adjustments, practically 
attain 70 to 80 percent and thus exceed the value of 50 percent 
which, at first sight, appears as the theoretical limit attainable 
only when the tubes operate at full power and assuming that 
they have rectilinear characteristics. ! 

It does not appear to the authors that there has so far been 
given a precise mathematical explanation of this situation. The 
object of the present note is to furnish such an explanation. 

Let us first consider the case wherein the generated alter- 
nating current wave shape is not taken into account, but in which 
the object is to supply maximum alternating power to a resist- 
ance. We shall later on consider the case wherein pure sinusoidal 
wave shape power only is admitted and sought. It shall be shown 
that, even in the latter case, high efficiency may be obtained by 
appropriate adjustments. 

For the sake of clearness, let us assume in both cases that 
the tube operates with separate grid drive. 

CASE 1—The arrangement is that shown in Figurel, wherein: 

$ represents a source of alternating current of any wave 
shape whatever; 

e represents a negatively connected battery the function 
of which is to shift the operating point. 


*Received by the Editor, June 11, 1923. 
! This theoretical 50 percent efficiency follows from theoretical researches 
on amplifiers by assuming that the output resistance load is equal to the inter- 
nal tube resistance and that maximum power is drawn from the amplifier 
tube. (See Latour, “London Electrician," December 1, 1916.) 
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E represents an anode battery of V volts which feeds the 
tube through the parallel arrangement of a choke L 
having a large inductance-to-resistance ratio working 
as an auto-transformer at the terminals of which is 
branched the load resistor r. 


Heel 


FIGURE 1 


Let i be the instantaneous value of the anode current which 
may be of any wave shape whatever. We shall set out three 
relative values of this current: 


1, the maximum value tmar. 
T 


2, the mean value I f Tl. 


TJo 
3, the effective values] = f i dti=1;. 


The mean current ?,,,,, Which is a direct current, passes 
thru the choke L. The oscillating current which, at a given 
moment, passes in the resistor r is (?—7,,,,)y. It may easily 
be shown that the oscillating power given out in the load resistor r 
is, as a result, exactly r (12, —1?,,,,).. The power supplied by 
the battery E is (Vi,,,,. The efficiency is therefore: 


Lap Uff. — U mean 
S Тап 

Let us suppose that the tube operates with a maximum cur- 
rent Тл. equal to the saturation current of that particular work- 
ing characteristic. It is also assumed that this maximum cur- 
rent imar. occurs simultaneously with the maximum positive 
grid potential. The voltage applied between the anode and 
cathode is therefore: 


ye (Тм ND = € (1) 
It being taken that the tube operates at full power, the 


voltage e may be found with fair exactness. It represents the 
voltage required to absorb the electronic current Тл, when the 
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grid is saturated. Practically, є is very small in comparison 
with V. This implies that the maximum oscillating power is 
given out when the maximum oscillating voltage is practically 
equal to the anode battery voltage. 
The resistance r must so be chosen that: 
T СЕ —imean) =V-e 

that is 

V—e 


Umar. — 1 теап 


r = 


The efficiency may then be expressed by: 


Yay 1 
“9 r? 42 
( Ч £) ( eff. ^ nenn ) е (1 == Я ай. Иша (2) 
V Tmar. — Umean V l mar. — | 
nean 


The efficiency may be determined as long as є and the anode 
current wave-shape are known. The wave-shape may be ascer- 
tained experimentally by the use of either a reflection oscillo- 
graph or of a Braun tube. Let us examine a few particular cases: 

(a)To begin with, the highest efficiency operation would be 
that in which the source S would have an electromotive force 
curve of such a shape that the grid voltage would abruptly be- 
come positive and thus remain constant during half a cycle and 
then suddenly negative and thus remain constant during the 
other half cycle. 

For an appropriate setting of the battery e, the anode cur- 
rent would alternately take the values 0 and imar. (See Figure 2) 


o T Ill] 


FIGURE 2 


In that case, equation 2 gives us the expression: 


=(=) 


which approaches 1 for a negligible value of £ ' 


y 

(b) Another ease which more closely approaches that met in 
practice is that in which the anode current is made up of half- 
sinusoids and is annulled during a whole half-cycle (Figure 3). 
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° т Æ 4 SX 
FIGURE 3 


This shape of current is practically obtained by a proper setting 
of the battery e, together with sinusoidal grid excitation. By 


applying formula 2 to the latter case, we obtain: 
2? 


-h-E ei) e) 


(c) Lastly, the theoretical and classical case in which the 


d» 


anode current assumes the shape > (1+sin æt) (see Figure 4) 


6-5) (05) 


This latter case therefore prevents efficiencies exceeding 
50 percent. 


gives: 


FIGURE 4 


Case II.—Efficiency in oscillating power of pure frequency, 
void of harmonies. 

We shall modify the arrangement of Figure 1 as shown in 
Figure 5 by adding a condenser C in shunt to the choke L. In 
the present case, we will assume the choke L to have a small in- 
ductance such that it may form, with the condenser C, assumed 
to have a large capacity, a circuit tuned to the fundamental fre- 
quency. Furthermore, the oscillatory circuit L C, 15 supposed 
to be without losses. Under these conditions, if we consider the 
anode current function in terms of а Fourier series, it may be 
seen that the mean current (/,,,,) passes thru the choke L just 
as in the preceding case and that the anode current harmonies 
mainly take the path of the condenser C whilst the resistor r is 
traversed by the fundamental frequency current only. From 
the fundamental current point of view, the circuit L C behaves 

? Exactly 0.50 efficiency is found by admitting that the maximum oscil- 


lating voltage is equal to the anode battery voltage just as the maximum 
oscillating current is equal to the mean direct anode current. 
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like an infinite resistance. On the other hand, the harmonics 
hardly give rise to any voltage across the condenser C. If the 
foregoing diagram be modified in accordance with Figure 6, by 
the insertion, in series with the load resistor r, of an oscillatory 
circuit lc tuned to the fundamental frequency, we obtain a net- 
work which is equivalent to the ordinary arrangement wherein 
two separate inductively coupled oscillatory circuits are used. 
This amounts to saying that the arrangement corresponds tota 
fairly broad practical application of three-electrode tubes.? 


ile-- --1] 
E 


FIGURE 5 


Let us continue, designating the mean current by mean, and 
let us also designate the amplitude of the fundamental alternating 
current term by 7,5; 

The energy consumed in the resistor r during each half cycle is 

2 VT vds: | 
assuming that the current attains its maximum value simultane- 
ously with the grid saturation in such a manner that 

Po =V – €. 

The energy consumed in the resistance r is therefore: 

Ү—<. 

ЕГЕ Jmaz. 

The energy supplied by the source E being, on the other hand 
Vimean, the efficiency becomes 


= 1 a= A тах. 
= 2 ¢ i) itin 


The expression for the efficiency is particularly simple. 

If we make use of the Fourier series for curves of the kind 
represented by Figures 2, 3, and 4, which are symmetrical about 
the vertical axis, we know that the fundamental term will be 
given by the formula: 


3 The arrangement using a single oscillating circuit comprising the aerial, 
as extensively utilized in small power sets, is covered by the British Latour 
patent number 147,462, of 1915. 
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2[* 
E = rj. ¿sin wt dt 


the interval between # and t£; corresponding to the length of time, 
in & half cycle, during which there flows a current in the anode 
circuit. 

On the other hand, we have: 


STATT 


the efficiency may then be expressed by: 
t2 
isin wt dt 


1 
€ Т t" 
«(d 
X JT 


T 
Let us again consider a few particular cases. 


a’) i = 5 (1+sin wt). (See Figure 4.) The numerator integral 
must be taken between 0 and T and its value is 1 The denom- 


inator being ; the efficiency becomes: 


y= (1 = £) (0.5) 


b^) The anode current is made up of half-sinusoids and is nil 
during a whole half-cycle. (See Figure 3.) The numerator 


integral must be taken between 0 and x and is expressed by: 


JE sin? wt dl 


. 1 . : 1 
Its value is 4 The denominator integral is equal to - 


and 


the efficiency may therefore be written down as follows: 


(1 d T 


ur -- tu 
E 


FIGURE 6 
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с”) A plate current of value imaz. flows, but between certain 
times. (See Figure 7). The numerator integral is to be taken 
between the time 1-0) and the time l (5+0), This in- 

w\2 w\2 
sin Ө | I I 
. The denominator integral is, on the 


tegral then equals 
other hand? 2 The efficiency may therefore be expressed by: 


sin 0. 
:- 6-6) 0 


For 0 = — ‚ the efficiency is equal to 2 | 1— 3! It improves and 


^ 


aims asymptotically towards (1 — T when Û decreases. 


T T 


FIGURE 7 


When is small, we obtain an impulse excitation of the oscil- 
latory network LC, and tha particular wave-shape of the exciting 
current has but very little effect; it does not intervene any more 
than does the shape of an impulse to a pendulum in giving rise 
to harmonics in its motion provided that the duration of the im- 
pulse is sufficiently short. 

Furthermore, it is to be remarked that the expression dim 

mean 

which determines the efficiency, may assume the same value 
k for different current wave-shapes (rectangles, triangles, para- 
bolas, fractions of sinusoids, and so on, followed by а more or 
less prolonged zero period); the length of time during which the 
anode current flows having nevertheless to be very much shorter, 
relatively to the duration of the whole cycle, as k is given values 
closer to 1*. 

It is to be remarked that the operation with reduced plate 


current duration leads us to high ‘maz: ratios, that is, to the neces- 


Umean 
sity of having large cathode dimensions. From that point of 
view, the current wave-shape might matter, for it modifies the 


"E | : 
ratio — {ога given value of k. In any case, this ratio must be 


mean 
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as small as possible and even more so since € is a direct function 
Of tmar. 

If we particularly consider the case c' previously described, 
it may be noticed that there exists an analogy between the three- 
electrode tube and the rotary spark gap in their respective oper- 
ation. As a matter of fact, we may imagine replacing the three- 
electrode tube by a spark-gap which would close the circuit at the 
very frequency for which the oscillatory circuit L C, is tuned. 
From that point of view, the operation of a three-electrode tube 
at very high frequeney is not unlike that of spark-gaps in 
older radio telegraphic practice. 

Thruout the preceding, we have considered the three-electrode 
tube when operating with separate grid drive. The high efficiency 
operation of the tube, when using self-excitation, presents a 
second problem. The self-exciting arrangement must allow of 
obtaining, for the grid voltage, the voltage wave-shape corre- 
sponding to the high efficiencies described above. However, 
as this grid voltage may practically be sinusoidal, no particular 
difficulty will be met. 

In concluding it may be said that, theoretically, three-elec- 
trode tubes constitute converters of direct current to alternating 
current having unforseen efficiencies. 

While many radio frequency alternator efficiency figures may 
have been published, it might be added that but those radio fre- 
quency multipliers built by the Société Francaise Radio-Elec- 
trique have efficiencies which are high enough to compete with 
those which it is possible to obtain with three-electrode tubes. 

Lastly, it 18 to be noted that the result of the above investiga- 
tions may also be applied to magnetically controlled vacuum 
tubes such as those of the “magnetron” type. 


1 [n particular, the case of fractions of sinusoids gives, 0 having the same 
meaning as in е, an efficieney expression: 


„=(1—{) 


Hu 


This expression tends towards [ie 


0 ма > 
2isin j (cos p) 
[3 


when Û approaches zero and towards 


= 


(i-r) j^ when #18 equal to =. With equal efficiencies 0 is greater for 


fractions of sinusoids than for rectangles, the ratio '"* being slightly higher. 


Umea A 


SUMMARY: The theoretical limiting efficiencies of vacuum tube oscillators, 
for various wave forms of plate current, are mathematically investigated and 
discussed. 
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DIGESTS OF UNITED STATES PATENTS RELATING TO 
RADIO TELEGRAPHY AND TELEPHONY* 


IssuED JUNE 26, 1923—AucusT 21, 1923 


By 
JOHN B. BRADY 


(PATENT LAWYER, Ovnav BUILDING, WASHINGTON, D. C.) 


1,459,786—D. G. McCaa, filed January 19, 1920, issued June 26, 
1923. Assigned one-third to Federal Telegraph Company. 


NuMBER 1,459,786—Method of and Apparatus for Electrical Communication 


METHOD OF AND APPARATUS FOR ELECTRICAL COMMUNICA- 
TION, intended for radio reception without interference from 
static, strays or damped wave transmitters. The received 
currents of modulator frequency says 20,000 cycles are impressed 
on grids g and g! so that like currents simultaneously traverse 
the primaries P3 and P4 which, since thay are differential in 
their action, produce no inductive effect upon the secondary S3, 
and nothing is heard in the telephone Ph, unless the oscillator V4 
is in operation producing oscillations of & frequency of 21,000 per 
second for example, whereby there are produced in the circuits 
of the grids g and g! of the thermionic device V3 beats of audible 
frequency, 1,000 per second, but dephased with respect to each 

* Received by the Editor, September 4, 1923. 
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other by practically 180 degrees, causing in the primaries P3 and 
P4 currents dephased substantially 180 degrees, which, however 
because of the differential winding or connection of the primaries 
P3 and P4 cimulatively effect the secondary S3, producing in the 
tehephone Ph an audible note having a frequency of 1,000 per 
second which note appears for long and short periods according 
to the length of time the key Ё is depressed at the transmitter 
to form dots and dashes. 


Re. 15,642—C. F. Smith et al, filed May 17, 1920, issued July 3, 
1923. 

ELECTRIC CONDENSER, particularly useful for grid condensers. 
The condenser is formed by thin metal foils separated by thin flex- 
ible dielectric wrapped around a relatively thin stiff body of insula- 
ting material, the ends of which project beyond the wrapping and 
contain terminals connected with the different sheets of foil. 
This invention has been previously described in these digests in 
connection with the original patent 1,395,931 dated November 
1, 1921. 


1,460,439—G. W. Pickard, filed April 22, 1922, issued July 3, 
1923. Assigned to Wireless Specialty Apparatus Company. 
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NUMBER 1,460,439— Interference. Preventer 


INTERFERENCE PREVENTER for radio recelving systems. The 


эб) 
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received signal energy is converted into air waves and directed 
towards a reflection grating composed of elements distributed 
periodically in tune with the desired air wave frequency. A re- 
ceiver diafram is arranged to be actuated by air waves reflected 
from said reflection grating. А circuit is provided for converting 
the currents sct up by movement of said diafram into intelligible 
signals. 


1,460,636—P. J. Armagnat, filed August 9, 1920, issued July 3, 
1923. 


WAVEMETER operating on the principle of comparison of an 
electromotive force obtained thru a coupled circuit with the 
difference of potential produced at the terminals of a resistance 
by the oscillating current to be measured. 


1,460,734—W. H. Ruf, filed April 27, 1922, issued July 3, 1923. 


Rapio DETECTOR formed to be carried around on the finger. 
А complete radio receiving set is shown in this patent having а 
crystal detector and a frame which fits over the finger. 


1,460,801—R. H. Marriott, filed June 20, 1921, issued July 3, 
1923. 


DIRECTIONAL RADIO RECEIVING SYSTEM using a loop antenna 
circuit and a connection to earth. An electron tube circuit hav- 
ing its grid and filament connected with the ground connection 
is provided. A connection is established between the plate cir- 
cuit and the loop circuit. The arrangement has the effect of 
repeating the loop-to-ground potential and impressing the 
energy upon the loop circuit. 


1,461,064—De Loss K. Martin, filed February 10, 1921, issued 
July 7, 1923. Assigned to American Telephone and Tele- 
graph Company. 

MULTIPLEX TRANSMISSION CIRCUITS particularly adapted for 
radio operation wherein a carrier frequency is generated for each 
of three channels by modulating one frequency in accordance 
with another frequency, thereby producing a fundamental fre- 
quency and two side frequencies. Each of the several frequencies 
may then be modulated in accordance with a signal and the an- 
tenna circuit may be arranged to have a plurality of degrees of 
freedom corresponding to the several frequencies. At the re- 
ceiving station the antenna is likewise arranged to resonate at 
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each of the several frequencies, and the different modulated fre- 
quencies may be separated into channels and reduced in fre- 
quency by beating with one of the original frequencies trans- 
mitted or with a locally generated frequency. The signals are 
detected from the frequencies thus stepped down either by 
further beating by the homodyne method or straight detection 
method. 
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NUMBER 1,461,064— Multiplex Transmission Circuits 


1,461,232—S. Thronsen, filed September 3, 1918, issued July 10, 
1923. Assigned to Western Electric Manufacturing Com- 
pany. 

FILAMENT SUPPORT for electron tubes comprising a pair of 
resilient wires embedded in the glass press of the tube, each wire 
being provided with a return bend portion having its other end 
connected with the filament and constantly urging it taut at 
all times. 


1,461,287—E. Pfiffner, filed January 10, 1922, issued July 10, 
1923. 

HicH TENSION CONDENSER made up of a plurality of partial 
condensers connected in series to form a chain insulator. Each 
partial condenser consists of a hollow tubular supporting insu- 
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lator with conducting mounts carried by the ends of the insulator 
and constituting closures therefor. Metal coatings and insulating 
layers are arranged in and completely enclosed by the tubular 
insulator and conducting mounts forming elements of the con- 
denser. 


1,461,754—G. H. Clark, filed March 3, 1921, issued July 17, 
1923. Assigned to Radio Corporation of America. 
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NUMBER 1,461,754—Transmitting and Receiving Аррага- 
tus for Radio Telegraphy 


TRANsMITTING AND RECEIVING APPARATUS FOR RADIO 
TELEGRAPHY for more clearly defining the dots and dashes in 
signaling and eliminating the ''tailing-off effects" in signals at 
the end of each dot or dash. А circuit is provided for annulling 
this tailing-out in the receiving system which is accomplished 
by.sending out a counter wave from the transmitting station that 
more than annuls the dying-down current at the end of each dot 
or dash and produees an electromagnetic wave 180? from the 
main wave, but this is brought into effect only at the end of each 
dot or dash. This opposed electromagnetic wave tends to in- 
duce a current that is out of phase with the dying-down current 
and the combination of the two effects results in sudden termina- 
tionfof the dots and dashes. 
1,462,038—R. V. L. Hartley, filed December 30, 1916, issued 

July 17, 1923. Assigned to Western Electric Company. 


MODULATING SYSTEM for radio or line wire transmission. The 
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invention makes use of reactance modulators of the transformer 
tvpe for controlling the radio frequeney output by varying the 
mutual inductance between the primary and secondary windings 
of the transformer in accordance with a signal to be transmitted. 
The amplitude of the radio frequency currents radiated depends 
upon the coupling between the primary and secondary windings 
and by varying this coupling, that is, the mutual inductance in 
accordance with the signal, a modulation of the carrier wave is 
effected. "The variation in coupling is effected by varying the 
permeabilities of the transformer cores in accordance with the 
signal currents. The secondary windings of the two transform- 
ers are connected to the antenna in opposition to each other, so 
that no radio frequency power is radiated in the absence of sig- 
naling currents. The effect of signaling currents is to increase 
the permeability of one transformer core, and to decrease the 
permeability of the other transformer core. This disturbs the 
balance of the opposed secondary windings, and modulated radio 
frequency power is radiated. 


NUMBER 1,462,038—Modulating System 


1.462.057—P. I. Wold, filed September 27, 1920, issued July 17, 
1925. Assigned to Western Electric Company. 
SWITCH MECHANISM FOR VACUUM TUBES AND THE LIKE, 
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whereby a new tube is automatically cut into а circuit upon the 
burning out of the filament in a tube normally operating in a cir- 
cuit. A relay is provided having its winding in the plate cir- 
cuit of one tube and controlling the position of an armature 
carrying contacts which distribute connections from the tube 
electrodes to the associated circuits. Upon interruption of the 
plate current by burning out of the tube the armature moves to 
connect a new tube into the circuit. 


1,462,882—H. Chireix, filed March 24, 1922, issued July 24, 1923. 

RECEIVING SYSTEM, including an electron tube with a thermo- 
stat in the plate cireuit thereof with a divided heating coil on 
the thermostat. А relay is arranged to disconnect a portion of 
the heating coil of the thermostat and an indicating device is 
provided which co-operates with the thermostat to respond to a 
signal on receipt of radio energy. 


1,463,386—W. L. Carlson and E. C. Hanson, filed April 22, 1920, 
issued July 31, 1923. 


NuMBER 1,463,386—Radio Telegraph System 


RADIO TELEGRAPH SYSTEM employing a telegraphone. А 
plurality of electromagnets are used in conjunction withYthe 
telegraphone wire. These magnets are spaced apart in propor- 
tion to the frequency of the signals to be received and the linear 
speed of the recording arrangement. "The plurality of magnets 
integrate the received signal energy over a relatively large area 
of the recording wire, insuring a substantial signal record. 


1,463,391—E. C. Hanson and W. L. Carlson, filed February 11, 
1920, issued July 31, 1923. 
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NUMBER 1,463,391—Radio Telegraph System 


RADIO TELEGRAPH SYSTEM employing a telegraphone. An 
initial signal record is placed upon the telegraphone wire which 
in reproduction would tend to produce a continuous note. In- 
coming radio signals are caused to erase the initial record. "The 
signals are then translated by operating the telegraphone at 
slow speed for reading the signals left on the wire. 


1,463,554—А. N. Pierman, filed February 4, 1922, issued July 31, 
1923. 

MOUNTING FOR STEMS OF CRYSTAL DETEcTORs of simple and 
inexpensive manufacture. The rod or stem which terminates 
in the detector whisker is supported between strands of wire 
made taut upon a terminal post of the detector. 


1,463,797—L. A. Charbonneau, filed July 9, 1920, issued August 
7, 1923. 

OPTICAL TELEGRAPHY, wherein signals sent out by a trans- 
mitting station may be received only by those stations for which 
the message is intended. Infra-red rays are emitted and are 
received by making of the property of these rays for extinguish- 
ing the phosphorescence of certain phosphorescent substances. 


1,463,813—J. W. Harris, filed December 29, 1916, issued August 
7, 1923. Assigned to Western Electric Company, Inco- 
porated. 
ELECTRON EMITTING CATHODE AND PROCESS OF MANUFAC- 
TURING THE SAME, which comprises the applying of coatings of 
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mixed barium, strontium, and calcium compounds to the fila- 
ment conductor. A platinum compound is distributed between 
the coatings. The barium, strontium, and calcium compounds 
are then reduced to their oxides and the platinum compound is 
reduced to platinum. 


1,463,860—W. Wilson, filed July 22, 1920, issued August 7, 
1923. Assigned to Western Electrice Company, Incorpor- 
ated. | 

ELECTRON DISCHARGE DEVICE having its electrodes arranged 
for operation of the tube at high power where high temperature 
will have no detrimental effects on the tube construction. The 
lead-in wires for the grid and the anode are positioned away 
from the lead-in wires for the cathode and are sealed in between 
flare of the press and the neck of the tube. 


1,463,994—J. H. Hammond, Jr., filed February 15, 1918, issued 
August 7, 1923. 


100055 
+ 
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250 389 


NUMBER 1,4163,994— System for the Transmission and Reception of Radiant 
energy 
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SYSTEM FOR TRANSMISSION AND RECEPTION OF RADIANT 
ENERGY, which consists in transmitting a plurality of series of 
waves in such manner as to maintain a predetermined phase 
relationship among a plurality of the series and then modifying 
the phase relationship and causing the functioning of a receiving 
device as a result of the modification of said phase relationship 
whereby secret transmission may be secured. 


1,464,083—S. Loewe, filed March 19, 1921, issued August 7, 
1923. Assigned to Western Electric Company, Incorpor- 
ated. 

RECEIVING APPARATUS FOR RADIO FREQUENCY SIGNALING, 
comprising a coil antenna connected with the receiving apparatus 
with a source of locally produced oscillations connected directly 
across a portion of the coil antenna. 


1,464,086—W. E. Beatty, filed December 27, 1918, issued August 
7, 1923. Assigned to Western Electric Company, Incorpor- 
ated. 

METHOD OF AND MEANS FOR SECRET SIGNALING, wherein a 
plurality of different signaling waves are employed and each 
modified in accordance with a particular group of signals which 
when combined at the receiver produce an intelligent sequence 
of signaling. 


1,464,097—R. A. Heising, filed August 7, 1920, issued August 7, 
1923. Assigned to Western Electric Company. 

Two-way SIGNALING SysTEM for radio operation in which 
the transmitter and receiver are permanently associated with the 
same circuits and the response of the receiver to energy in the 
local transmitter circuit is substantially reduced or eliminated. 


1,464,104—A. McL. Nicolson, filed July 26, 1917, issued August 
7, 1923. Assigned to Western Electric Company, Incor- 
porated. 

SELECTIVE APPARATUS FOR SIGNALING CIRCUITS, comprising 
an electron tube construction wherein the anode is separated by 
a dielectric from the grid electrode and the filament. The di- 
electric may be in the form of a sheet which encloses the grid 
electrode. The tube is connected in a circuit which has at times 
substantially zero space curren twith means responsive to an 
impressed alternating current to establish the space current. 
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1,464,124—W. Wilson, filed July 26, 1917, issued August 7, 
1923. Assigned to Western Electric Company, Incor- 
porated. 

THERMIONICALLY ACTIVE SUBSTANCE AND METHOD OF 
MAKING THE SAME, comprising the heating of a metallic filament 
in а vacuum and sputtering a coating of an alkaline earth oxide 
on to the filament in the vacuum, and then baking the coated 
filament in the vacuum. 


1,464,168—W. T. Booth, et al, filed July 9, 1917, issued August 
7, 1923. Assigned to Western Electric Company, Incor- 
porated. 

ANTENNA SYSTEM for airplane radio operation. Ап auto- 
matic reeling device is provided whereby a motor is operated 
to reel out the antenna to a predetermined distance for signaling 
and automatically retracting the antenna after the signaling is 
completed. 


1,464,322—F. A. Kolster, filed November 26, 1920, issued August 
7, 1923. Assigned one-third to Cornelius D. Ehret. 
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NUMBER 1,464,322—Radio Receiving Method and 
Apparatus 


Rapio RECEIVING METHOD AND APPARATUS particularly 
designed for continuous wave signaling where a local source of 
audible frequency energy operates the signal responsive device 
when a signal is being received. When no signal is being re- 
ceived the source S! will cause impression upon the circuit of 
the telephone T of а current which would produce a response 
whereby if it were not for the fact that the couplings p, s and p! 
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s! produced, by suitable winding or mode of connection, equal 
and opposite effects upon the circuit of the telephone Т. Accord- 
ingly, when no signal is being received the source of S! has no 
effect upon the telephone T. When, however, continuous signal 
waves are received, the circuit S C being attuned thereto, as well 
as the antenna circuit, opposite ends of the inductance or second- 
ary S will attain widely different potentials, the potential of the 
grid g rising for example, while the potential of the grid g! falls. 
The current in one anode circuit therefore greatly increases, 
while the other greatly diminishes, and accordingly the net effect 
of the couplings p, s and p!, s! no longer is zero, and there is 
transferred to the circuit of the telephone T current which causes 
its response evidence by the production of a sound, the frequency 
of which is equal to or corresponds with the frequency of the cur- 
rent delivered by the source S!. 


1,464,533—S. Loewe, filed August 26, 1921, issued August 14, 
1923. 


RADIO RECEIVING SYSTEM employing an antenna system 
which is connected with а receiving amplifier. À source of local 
oscillation is connected with the input circuit of the receiving 
amplifier and conductively connected with the antenna system 
and with said input circuit. 


1,464,565—L. Espenschied, et al, filed April 13, 1921, issued 
August 14, 1923. Assigned to American Telephone and 
Telegraph Company. 


NuMBER 1,464,565— Call System for Radio Telephony 
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CALL SYSTEM FOR RADIO TELEPHONY, in which control ар- 
paratus is shown which is extremely selective for the purpose of 
preventing interference due to static or other causes. To actuate 
a ringing circuit at the receiver the ringing frequency is periodi- 
cally varied at a sub-audible rate over a range such that the fre- 
quency coincides with the locally produced frequency at periodic 
intervals. 


1,465,108—E. F. W. Alexanderson, filed September 16, 1918, 
issued August 14, 1923. Assigned to General Electric Com- 
pany. 

UNI-DIRECTIONAL RADIO RECEIVING SYSTEM which permits 
the receiving of signals of any desired wave length at a receiving 
station to the exclusion of other signals having the same wave 
length coming from directions other than that which the desired 
signals come. 


1,465,264—F. G. Goldstone, filed September 14, 1920, issued 
August 21, 1923. Assigned to Joseph Frances Bernard and 
John Bruce Bolitho, of London, England. 


ELECTRIC CoNDENSER, comprising а set of stationary and 
rotatable plates which have the form of a shell or сир. The 
movable elements having the appearance of hemispheres and 
intermeshed with the stationary elements to vary the capacity 
of the condenser. 


1,465,357—R. A. Heising, filed September 27, 1919, issued 
August 21, 1923. Assigned to Western Electric Company. 
RADIO CoMMUNICATION system wherein more than one radio 
message may be transmitted and received simultaneously. The 
transmitter is modulated at separate modulation frequencies 
and these may be simultaneously received and caused to interact 
at the receiver with a locally produced frequency of such value 
that а resultant radio frequency wave is produced which is in 
effect a carrier frequency and still inaudible. The frequencies 
are then separated, selected, and detected to obtain the separate 
speech components. 


1,465,858—R. А. Heising, filed September 29, 1919, issued 

August 21, 1923. Assigned to Western Electric Company. 

SIGNALING by multiplex method in radio wherein interfer- 

ence, due to certain parasitic and undesirable waves of certain 

frequencies is eliminated. A plurality of carrier waves is trans- 
571 


mitted from the transmitting station, each being modulated in 
accordance with speech. Normally the carrier waves have fre- 
quencies differing too slightly to be efficiently seleeted at a re- 
ceiving station. Therefore a wave of a frequency differing from 
any of the carrier waves is transmitted along with the carriers 
and combined at the receiver with each of the carriers to produce 
at the receiver speech modulated waves of such characteristics 
as to be readily separated. 


NUMBER 1,465,357— Radio Communication 


1,465,394—W. H. Housekeeper, filed November 6, 1920, jssued 
August 21, 1923. Assigned to Western Electric Company, 
Incorporated. 

CONTROL APPARATUS FOR EVACUATED VESSELS for measurin£ 
gas pressure by observing the ionization of the gas. Fluctu? 
tions in gas pressure within the electron tube give corresponding 
fluetuations in the intensity electron discharge from the heated 
filament. A circuit is shown in this patent wherein a relay unde 
control of the anode circuit, and hence the electron stream 
operates to short-circuit the cathode for regulating the electron 
stream. 


ел 
aJ 
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1,465,381—R. F. Trimble, filed November 4, 1918, issued August 
21, 1923. Assigned to Western Electric Company, Incor- 
porated. 


Grip ELECTRODE AND ITs CONSTRUCTION, wherein a pair of 
supporting wires are provided bent upon themselves to form an 
arched portion with the ends of the wires welded and cross wires 
extending between the supporting wires framing the grid struc- 
ture in a cage-like frame. 


1,465,732—R. А. Heising, filed September 23, 1919, issued 
August 21, 1923. Assigned to Western Electric Company. 


NUMBER 1,465,732 —System of Communication 


SYSTEM OF COMMUNICATION, wherein traffic handled thru a 
radio channel may be increased more nearly to compete with the 
quantity of traffic which can be handled over land lines and 
cables. A system for storing the signals is provided, employing. 
the telegraphone. The signals to be transmitted may be im- 
pressed on the telegraphone record in a forward direction and then 
transmitted from the storage element in а reverse direction. 
The transmitted signals may be received at a distant receiver 
on а storage element, such as а telegraphone wire in the same 
reverse direction. The signals may then be translated for the 
purpose of reading by operating the telegraphone record to re- 
produce the signals in а forward direction. 


List or RADIO TRADE MARKS PUBLISHED BY THE PATENT 
OFFICE PRIOR TO REGISTRATION 
(The numbers given are serial numbers of pending applica- 


tions): 
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169,626—“Domestic”’ for telephone receivers. The Domestic 
Electric Company, Cleveland, Ohio. Claims use since about 
May, 1922. Published July 10, 1923. 


171,473—"'SATURN" in ornamental design for telephone jacks for 
telephone receivers. Saturn Manufacturing Company, New 
York, N. Y. Claims use since August 18, 1922. Published 
July 10, 1923. 


173,956—''GLonRaAD" for radio transmitting and receiving sets. 
Globe Radio Manufacturing Company, New York City. 
Claims use since May 22, 1923. Published July 10, 1923. 


178,282—" RaA-Mo-PHoNE" for cabinets for radio receivers, 
motion picture machines and phonographs. Radio Motion 
Picture Phonograph Corporation, Long Island City, New 
York. Claims use since December 1, 1922. Published July 
10, 1923. 


171,135—''Mocvr Dry-SToRAGE BATTERIES" in ornamental de- 
sign for storage batteries. Mogul Electric Company, 
Seattle, Washington. Claims use since July 1,1922. Pub- 
lished July 31, 1923. 


171,142—Elements of Audion in ornamental design for radio 
transmitting and receiving sets. Bruno Radio Corporation, 
New York City. Clains use since July 1, 1922. Published 
July 31, 1923. 


179,976—''"WEaRITE STORAGE BATTERY” in ornamental design 
for storage batteries. Wearite Storage Battery Company, 
Philadelphia, Pennsylvania. Claims use since March 10. 
1923. Published July 31, 1923. 


180,142—“‘Rasan”’ for radio receiving sets. Rajah Radio Guild, 
University City, Missouri. Claims use since March 15, 
1923. Published July 31, 1923. 


171,275—“‘Twin ADAPTER” for connector plugs for radio tele- 
phone and telegraph apparatus. Pacent Electric Company, 
Incorporated, New York City. Claims use since not less 
than one year. Published July 31, 1923. 


180,279—“GERACO” in ornamental design for radio reeciving 
apparatus. General Radio Corporation, Philadelphia, 
Pennsylvania. Claims use since May 1, 1922. Published 
August 7, 1923. 
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166,124—''PrANOLA" for radio transmitting and receiving sets. 
The Aeolian Company, New York, N. Y. Claims use since 
prior to June 14, 1922. Published August 21, 1923. 


179,567—''SENsITONE" in ornamental design for radio trans- 
mitting and receiving apparatus. Harold R. Wakem and 
Company, Chicago, Illinois. Claims use since September 1, 
1922. Published August 21, 1923. 


179,680—''Pick OF THE MARKET RApIo” in ornamental design 
for radio receiving apparatus. George Kenneth Thompson, 
Boston, Massachusetts. Claims use since on or about April 
13, 1923. Published August 21, 1923. 


180,140—' A К” in ornamental design for radio receiving ap- 
paratus. Atwater Kent Manufacturing Company. Claims 
use since on or about March 1, 1922. Published August 21, 
1923. 


180,706—"‘THE ROYALTY oF Rapnio" for radio receiving sets. 
The Colin B. Kennedy Company, St. Louis, Missouri. 
Claims use since April 1, 1923. Published August 21, 1923. 
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RECEIVING MEASUREMENTS AND ATMOSPHERIC 
DISTURBANCES AT THE BUREAU OF STANDARDS, 
WASHINGTON, D. C., MAY AND JUNE, 1923* 


By 
L. W. AUSTIN 


(CHIEF, RADIO PHYSICAL LABORATORY, BUREAU OF STANDARDS) 


(Communication from the International Union for Scientific 
Radio Telegraphy) 


At the end of April, Lafayette Station increased its frequency 
for the U. R. S. I. signals at 3 P. M., E. S. T.,' to 16.2 kilocycles 
(18,500 m.), tho continuing to send occasionally on 12.8 kilo- 
cycles (23,400 m) at other times. This change was not known 
here, however, until May 11, consequently no observations were 
obtained at 3 P. M. during the first part of that month. 

It was also found that Lafayette, which had been heard very 
irregularly at 10 А. M. for several months past, could be de- 
pended upon with considerable certainty between 8 and 9 А. M. 
Accordingly, on June 1, the observation time was shifted to the 
earlier hour and measurements made both in the morning and 
afternoon on the 16.2 kilocycles (18,500 m.) wave. 

The observations for May and June show a greater differ- 
ence in strength between the two stations than was found in the 
corresponding months of last year, Lafayette being stronger 
during the morning (all daylight signal path) and showing much 
less afternoon fading than last year; while Nauen is weaker in 
the morning and fades badly in the afternoon, averaging about 
the same in intensity as in the corresponding period of 1922. 
This year's observations on Nauen's fading are much more re- 
liable than those of a year ago, on account of more accurate 
information regarding the times of transmission on afternoons 
when the signals could not be heard. 

The atmospheric disturbances at Nauen's wave length are 
approximately the same, while the disturbances corresponding to 
| * Published by permission of the Director of the Bureau of Standards 
of the United States Department of Commerce. Received by the Editor, 


August 15, 1923. 
! Eastern Standard Time (Washington). 
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Lafayette's signals, partly at least due to the change in wave 
length, average about half the strength of last year. 

As was pointed out in the resume of last year's results, the 
Hertzian term of the transmission formula, if the curvature of 
the earth be taken into account, should have the great circle 
distance between the sending and receiving points replaced by 
т sin $, where т is the radius of the earth and $ the angle between 
the two stations as seen from the earth's center. This correction 
amounts to about 20 percent for the distance Washington to 
Berlin. 

The calculated А. M. intensities (all daylight between sta- 
tions), assuming 480 amperes for Lafayette at 16.2 kc. (18,500 m.) 
and 380 amperes for Nauen (24.0 kc. or 12,500 m.) are accord- 
ing to the formula: 


E (Lafayette) —37.3.10-* volts/meter and 
E (Nauen) = 18.5.10-* volts/meter 


FIELD INTENSITY OF NAUEN AND ОЕ DISTURBANCES 


f=24.0ke. (A=12,500 m.) IN May, 1923, IN MICROVOLTS PER 
METER 


10 A. .M. 
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turbances 


hà hà 
$a О © N 
м 


RR DSS 
© 


N 
e 
о оњ о 


Юю к. e O щл 


4 
‚2 
.5 
‚0 
.5 1 
.5 
.6 
.9 
.0 
.0 


қ М Ф 
x козен, ене а 
© oo 
ма سم‎ 
$ ON © 
© ою © 


+ 
+ 
+ + + + 


ж « à 


* Not heard. 
** Not sending. 
.... Not taken. 


FIELD INTENSITY OF LAFAYETTE AND ОЕ DISTURBANCES 


[712.8 kc. (A=23,400 m.) A. M., f 216.2 kc. (18,500 m.) P. M. 
IN May, 1923, IN MICROVOLTS PER METER 


10 A. M. 3 P. M. 


Dis- Dis- 


Date Signal turbances turbances 


.7 
.0 
3 
‚1 
vd 
5 
.0 
.0 
.2 
‚1 
‚0 
‚1 
‚0 
2 
4 
* Not heard. 
** Not sending. 
.... Not taken. 


*** Lafayette began sending U.R.S.I. signals on 16.2 ke. 
(18,500 m.) April 28. 


582 


FIELD INTENSITY OF NAUEN AND OF DISTURBANCES 
/= 24.0 ke. (A=12,500 m.) IN JUNE, 1923, IN MICROVOLTS PER 


METER 
9 A. M. x 3 P. M. 
: | . 
I Dis- ; | Dis- 
Date Signal turbances Signal turbances 
1 27.8 50 + 380 
2 19.8 250 * 400 
4 19.2 i 8.5 ind 150 
6 18.5 42.5 f 320 
7 15.3 x 160 ** 180 
8 27.8 52 * 150 
9 13.8 15 10.7 100 
11 12.9 20 13.2 65 
12 19.2 | 15 * 45 
13 25.6 15 9.9 20 
14 22.9 50 19.0 100 
15 ет 40 2 250 
16 19.2 90 ы TEM 
18 25.6 20 2.0 350 
19 32.0 38 2.0 280 
20 34.2 25 2.0 390 
21 47.0 150 + 250 
22 26.0 60 13.8 150 
23 32.0 18 MEM 
25 34.0 30 16.5 300 
26 28.6 75 Tt 405 
27 30.0 80 2.0 250 
28 25.8 63 ON 150 
29 34.0 43 23.0 130 
30 21.0 25 
Average 25.3 57.4 6.3 219.0 
* Not heard. 


. ** Not sending. 
.... Not taken. 
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it LAFAYETTE AND OF DISTURBANCES 
= -. uU In.) IN JUNE, 1923, IN MICROVOLTS PER 


METER 
9 А. M. 3 P. M. 

-1gnal x Dis: Signal Dis- 

Nu turbances turbances 
T 60 42.3 430 
E 114.0 300 * 460 
^ шы 125 34.0 230 
108.0 80 | 2.0 330 
: 126.0 150 | 49.8 | 3000 
` 132.0 65 | 34.5 | 210 
| 160.0 | 3 | 60.2 | 150 
114.0 | 25 | 57.3 | 80 
2 120.0 | 15 | 59. | 45 
: 120.0 | 48 | 102.0 | 60 
I 66.5 | 175 | 780 | 150 
7 108.0 ^ 80 | 56.0 380 
5 96.2 | 100 2-65 TR 
IN 132.0 | 28 12.9 360 
19 412.9 45 19.0 300 
2t) 126.0 30 38.8 450 
21 108.0 180 60.0 300 
12. 120.0 85 84.0 180 
23 126.0 25 КА з TER 
25 132.0 35 84.0 310 
26 84.0 85 2.0 450 
d] 108.0 100 18.0 300 
28 126.0 SO $2.4 150 
ә 90.0 | 50 130 

30 102.0 30 
Average 112.5 11.2 50.5 383 .0 


* Not heard. 
** Not sending. 
.... Not taken. 


RATIO ОЕ ÁVERAGES 


Dis- А.М. Р.М. 

| ; turbance} Signal | Signal 

kilo- x (meters) |—————| P.M. Dis- Dis- 
cycles) ae A.M. | turbance! turbance 


May 
12.8 A.M.|23,400 А.М. 
16.2 Р.М./18,500 Р.М. j 0.60 р 
24.0 12,500 0.14 | 3.14 | 0.28 


! 
| June 


16.2 не 


24.0 12,500 


SUMMARY: The signal strength of the Lafayette and Nauen stations and 
the strength of the corresponding atmospheric disturbances are given for May 
and June, 1923. 
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RECENT DEVELOPMENTS IN HIGH VACUUM RECEIV- 
ING TUBES—RADIOTRONS, MODEL UV-199 AND 
MODEL UV-201-A* 


BY 
J. C. WARNER 


(RESEARCH LABORATORY, GENERAL ELECTRIC COMPANY, SCHENECTADY, NEW 
Үовк) E 


The present trend in vacuum tube developments largely 
toward the reduction of power required for excitation of the fila- 
ment and at the same time, when possible, an improvement in 
the operating characteristics of the tube. This development is 
taking place as a result of several factors, the principal of which 
are the discovery and applieation of new physical phenoména, 
more complete knowledge of the relation between the mechanical 
and electrical design of the tube, better processes for carrying 
out of the designs required, and a better understanding of the 
requirements of the circuits in which the tube is to be used. 

The purpose of this paper is to illustrate these points by а 
brief description of two receiving tubes which recently appeared 
on the market—the UV-199 and UV-201-A Radiotrons. 

The UV-199 is a tube intended for use as a detector or as an 
amplifier and is designed for dry cell operation. The UV-201-A 
also may be used as a detector or as an amplifier and is designed 
to be interchangeable with the older UV-201, but requires only 
one-fourth as great filament current and has noticeably better 
operating characteristics than the UV-201. Internal and ex- 
ternal views of the UV-199 and UV-201-A are shown in Figures 
1 and 2. | 

Both of these tubes contain а new type of filament known as 
the X-L tungsten filament. Compared with the older tungsten 
filaments, the X-L filament operates at à much lower tempera- 
ture, has а higher electron emission efficiency and a longer life. 
Another important but less apparent advantage is that for a 
given voltage arid current, and at the normal operating tempera- 
ture, the X-L filament is longer than the old type tungsten fila- 
x *Received by the Editor, July 23, 1923. Presented before THE INSTITUTE 
or RADIO ENGINEERS, New York, September 5, 1923. 
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ment. This has considerable influence on the design of the tube, 
as will be seen later. 

Coincident with the introduction of the X-L filament, new 
exhaust processes have been developed which serve to assure 


FIGURE 1—Hadiotron Model UV-199 


FIGURE 2—Radiotron Model UV-201-A 
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an extremely good vacuum in tubes containing the new filament. 
The typical silvered or colored appearance of the UV-199 and 
UV-201-A is incidental to these exhaust. processes. 

The filament of the UV-199 is conveniently operated from 
three dry cells in series as the filament rating is 3.0 volts and 60 
milliamperes or 0.18 watt. The advantages of this rating are 
readily seen after a brief consideration of dry battery charac- 
teristics. Dry batteries are most efficient at small current loads; 
hence, for a given power it is most economical to draw this from 
the battery at a low current rate. Thus, the small current 
required by the UV-199 gives it an important advantage over 
other tubes in battery economy. The second requirement for best 
battery efficiency is that the battery be used until the closed- 
circuit voltage has fallen to one volt or less per cell, that is, the 
end-point of the cell should not be greater than one volt. The 
use of three cells in series on the UV-199 filament meets this 
requirement perfectly. 

Figure 3 shows characteristics of an average “general purpose” 
dry cell which plainly indicate the advantage both of a low 
current rate and a low end-point. 

Where it is desired to construct a receiving set of minimum 
size and weight, for instance for portable use, flashlight cells 
may be used for filament excitation. An ordinary three-cell 
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tubular battery will operate a one-tube set one hour рег day for 
approximately one month. The economy of such operation is 
naturally less than when standard six-inch cells are used, but 
this is relatively unimportant in a portable equipment. 

The small dimensions of the UV-199, 1 inch by 316 inch 
(2.54 by 8.9 cm.), are a considerable advantage in designing por- 
table sets as well as in the six to eight-tube combinations which 
are coming more and more into use. 

It is, of course, important that when a tube is designed for 
low filament power consumption, the operating characteristics 
should not be sacrificed; and the UV-199, in fact, shows a sub- 
stantial improvement over the UV-201 altho consuming only 
one twenty-seventh the amount of power in the filament. This 
has been made possible by careful design of the electrodes, and 
by the perfection of factory processes for making and assembling 
the various component parts, so that in spite of a relatively short 
filament the space charge characteristics are better than in many 
larger tubes. 

Figures 4 to 7 show some of the usual characteristics of the 
UV-199 and UV-201-A, and for comparison, the corresponding 
curves on the UV-201 are given. 

In general, the UV-199 may be used in any of the usual re- 
ceiving tube circuits, and requires no special adjustments other 
than suitable filament voltage control. On account of the low 
filament eurrent, the rheostat resistance must be considerably 
higher than is required by the older one-ampere filaments. For 
example, a single tube operated from dry cells requires a thirty- 
ohm rheostat. 

As a detector, the UV-199 operates most satisfactorily with 
approximately 40 volts on the plate altho critical adjustment 
of plate voltage is never required. Slightly better detector action 
may be obtained at 60 volts, but since the grid return is nor- 
mally connected to the positive side of the filament, causing the 
mean grid potential to be slightly positive, the plate current 
becomes excessive at the higher plate voltage. 

As an audio frequency amplifier, the tube may be used with 
plate voltages up to 100 if suitable negative grid bias is provided. 
This bias is approximately the same as is required by any ampli- 
fying tube which is expected to operate with comparatively high 
input voltages, and varies from 3.0 volts at 60 volts plate to 6.0 
volts at 100 volts plate. The most common conditions for oper- 
ation are 80 volts plate and 4.5 volts grid. This combination 
allows reasonably distortionless amplification up to the amount 
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of power required to operate a loud speaker, and at the same time 
does not cause excessive drain from the plate battery. For head 
telephone reception, the higher plate voltages are unnecessary 
and very satisfactory results may be obtained at 40 volts. In 
this case a separate grid battery is unnecessary since the small 
bias obtained in the usual way by utilizing the voltage drop in 
the filament rheostat is sufficient. The purpose of this bias is 
to raise the input impedance of the tube to the point where it 
ceases to affect the terminal grid voltage, in other words to allow 
the total voltage induced in the secondary of the interstage trans- 
former to be applied to the grid without loss in the windings of 
the transformer. A fraction of a volt is usually sufficient for 
this purpose. 

The small elements and base of the UV-199 result in relatively 
low internal capacities, approximately 40 percent less than cor- 
responding values for the UV-201. This feature is of particular 
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importance when the tube is used in certain radio frequency 
amplifying circuits, and the utilization of the advantage of the 
low tube capacity is aided by the location of the grid and plate 
pins diagonally opposite from each other instead of adjacent, as 
in previous tubes. This arrangement allows short and direct 
connections from the tube socket to the interstage transformers 
or reactors. Since a grid bias other than the rheostat drop is 
seldom used on radio frequency amplifier tubes, and since the 
input voltages on the tubes are small, the most satisfactory plate 
voltage is usually about 40 volts. 
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FIGURE 5 


As has been mentioned before, the UV-199 is an example of а 
tube design in which the cathode 1s necessarily short, being about 
half the length of the UV-201 filament. In spite of this, excellent 
operating conditions have been obtained by careful arrangement 
of the other elements. In a tube of cylindrieal construction, the 
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space charge relation is such that the plate current at а given 
plate voltage is directly proportional to the effective length of 
the electrode structure and is inversely proportional to a func- 
tion of the grid and plate diameters. Therefore, the mutual 
conductance of the tube, which is perhaps the best single meas- 
ure of the effectiveness of the tube as an amplifier, is propor- 
tional to these same functions. 
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Similarly in а tube having planar structure, the mutual con- 
ductance is proportional to the effective area of the structure 
and inversely proportional to a function of the grid-filament 
and plate-filament distances. 

The UV-201-A, while not having, strictly speaking, a planar 
structure, does owe its high mutual conductance to the large 
areas made effective by a long filament. The spacings, while 
comparatively small, are not as small as in the UV-199. "This 
tube was designed to replace the UV-201 and besides requiring 
only 0.25 ampere as compared with 1 ampere for the UV-201, it 
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has other marked advantages which are principally due to the 
desirable characteristics of the X-L filament. 

The rated filament voltage of the UV-201-A is 5.0 volts, so 
that the tube can be used in sets designed for the UV-201 and 
the filament can be operated in parallel with the UV-201 fila- 
ment. However, the average electron emission at this voltage 
Is about 45 milliamperes, which is in excess of what is ordinarily 
needed in a receiving tube, and for this reason, it is often possible 
to secure excellent results with 4.0 volts or even less on the fila- 
ment, particularly when 40 volts or less are used on the plate. 
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FIGURE 7 


Figure 8 gives an interesting comparison of the total electron 
emission and the electron emission efficiency of the UV-201 and 
UV-201-A filaments. The great advantage of the X-L filament 
is shown by the fact that at normal voltage its efficiency is over 
twenty times as great as that of the older tungsten filament. 
Extensive life tests have shown that this high emission does not 
gradually decrease as the tube is run, but remains essentially 
constant until Just before the end of life. 
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In determining the amplification constant and the plate im- 
pedance of the UV-201-A, there were evidently two ways of mak- 
ing use of the large electrode areas. First, the plate impedance 
could have been lowered, keeping the amplification constant the 
same as in the UV-201, or second, the amplification constant 
might have been raised, and the plate impedance left unchanged. 
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FIGURE 8 


The design chosen represents a combination of these two pos- 
sibilities as the amplification constant has been raised from 6 to 
approximately 8, and the plate impedance at 40 volts has been 
lowered from 20,000 ohms to approximately 16,500 ohms. The 
higher amplification constant serves to increase the ratio between 
output and input voltages, while the lower impedance aids in 
producing uniform amplification for all frequencies, and so re- 
duces distortion. 
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The plate and grid voltages required by the UV-201-A are the 
same as for the UV-199 except that when the UV-201-A is used 
as an amplifier, the plate voltage may be increased to 120 volts 
without danger of overload. In this case a negative grid bias 
of 7.5 to 9.0 volts should be used. 

On account of the high electron emission and high mutual 
conductance of the tube, it is especially suited to operation of 
loud speakers and the power output which may be obtained at а 
given input voltage is over twice as great as from the UV-201. 

The detector action is noticeably good for а tube of the high 
vacuum type, due in part to the high mutual conductance. The 
usual conditions for detection are 40 volts on the plate, grid leak 
resistance of 2 to 10 megohms, and a grid condenser of 0.00025 
microfarad capacity with the grid return connected to the posi- 
tive side of the filament. 

One other improvement which is due to the use of the X-L 
filament appears in both the UV-199 and UV-201-A tubes— 
the almost complete elimination of tube noises. These noises 
in tungsten filament tubes may ordinarily be divided into two 
classes, a crackling noise which is characteristic of high tempera- 
ture filaments, and a hissing or frying noise which is due to small 
traces of gas in the tube. The low operating temperature of 
X-L filaments of course eliminates the first class entirely and the 
high vacuum renders the second class almost negligible. 

While the various characteristics which have been illustrated 
are sufficient to enable prediction of the performance of these 
tubes in any amplifying circuit, it is of interest to compare some 
of the characteristics of the tubes under typical operating con- 
ditions. Figures 9 and 10 illustrate the alternating output cur- 
rent and output power of the UV-199 and UV-201-A with a 
20,000 ohm resistance load in the plate circuit. "These curves 
have been plotted from actual measurements, altho they check 
closely the curves calculated from the familiar amplification 
equation. 


where I,= alternating plate current (root-mean-square) 
# = voltage amplification constant 
E, = voltage applied to grid (root-mean-square) 
R i= internal plate impedance of tube 
o — load resistance. 


No attempt is made here to determine the relation between 
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the amplitude of the fundamental component of the output cur- 
rent and the amplitude of any harmonics which may be present, 
but practice has shown that any distortion due to introduction 
of harmonics in the output is slight within the range of input 
voltages shown. 
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FIGURE 9 


А brief consideration of the usual way of rating amplifier 
tubes calls attention to the need of a uniform method of rating, 
which will give the user of the tube or the designer of auxiliary 
apparatus & quantitative idea of the capabilities of the tube 
in the circuit for which the tube is best suited. The erroneous 
impression once existed, and still does to some extent, that the 
amplification constant of the tube was a measure of the actual 
amplification given by the tube in any circuit. The term itself 
is perhaps a misnomer, and the English term ‘‘voltage factor" 
would appear more suitable. 

Recently the use of mutual conductance as а tube rating has 
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come into use. "This, of course, gives a much better idea of the 
capabilities of а tube than does the amplification constant, but 
still does not furnish nearly all of the quantitative information 
whieh is desirable. For example, a loud speaker may have a 
certain impedance and require a certain amount of power to 
give satisfactory intensity. The mutual conductance alone does 
not show whether the tube in question can furnish this power, 
because it is defined on the basis of differential quantities, while 
under actual operating conditions, the current and voltage am- 
plitudes may be considerable. 
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FIGURE 10 


Hence, it would seem that the rating of the tube should include 
some such quantity as the power output in milliwatts or millivolt- 
amperes per volt squared input at rated plate and grid voltages, 
and also the maximum input voltage which сап be handled with- 
out noticeable distortion, assuming the load conditions most 
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suitable for the tube. Then knowing the amount of power 
actually required, it would become a simple matter to predict 
the size of tubes and number of stages of amplification required. 

Such a method of rating would go far in placing the receiving 
tube and its associated apparatus on the same substantial basis 
as other older and better standardized sorts of electrical equip- 
ment. 


SUMMARY: The operating characteristics of radiotrons UV-199 and 
UV-201-A are given, together with the general considerations which deter- 
mined the design of these tubes. A method of rating receiving tubes (in place 
of mutual conductance) when appreciable undistorted output is required, as 
for loud speaker operation, is discussed. 
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COMMERCIAL RADIO TUBE TRANSMITTERS* 


By 
W. R. С. BAKER 


(RADIO ENGINEERING DEPARTMENT, GENERAL ELECTRIC COMPANY, 
SCHENECTADY, N. Y.) 


The development and design of commercial radio telephone 
and telegraph transmitters involves problems that cover a con- 
siderable portion of the field of radio engineering. Almost any 
one of the problems would make an interesting technical paper. 
In general, we shall consider in this paper various types of 
commercial transmitting equipments, the majority of which 
have been manufactured for the Radio Corporation of Amer- 
ica by the General Electric Company. 

Commercial transmitters may be classified according to power 
rating, service requirements, circuit design, and the like. For 
example, service classification might be as follows: 


SERVICE CLASSIFICATION 


. Ship Stations. 
2. Shore Stations (Fixed). 
a. Ship to shore. 
b. Trans-oceanic. 
3. Aircraft. 
4. Portable and Miscellaneous. 


ма 


CiRCUIT CLASSIFICATION 


1. Antenna Oscillator (Frequency determined by con- 
stants of antenna). 

. Tank Circuit. 

. Master Oscillator—Power Amplifier. 

4. Miscellaneous Circuits comprising one of the preceding 
methods of setting the frequency combined with 
additional cireuit features, such as side band or car- 
rier elimination, and other more or less special 
arrangements. 

. *Received by the Editor, April 3, 1923. Presented before THE INSTITUTE 
or RADIO ENGINEERS, New York, April 4, 1923. 
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Obviously telephone equipments might be classified accord- 
ing to the modulation system employed, such as absorption, 
modulating amplifier, plate modulation, or other forms. In this 
paper we shall consider classification according to service, in 
which case we are especially interested in classes 1 and 2-a. 


Ет-3602 AND Ет-3608 TRANSMITTING EQUIPMENTS 


These transmitters were designed particularly for ship ser- 
vice, but of course are adaptable for fixed station use when the 
range requirements are within the power ratings of the sets. 

ET-3602 and ET-3608 transmitters are intended to provide 
communication by continuous wave telegraphy, interrupted con- 
tinuous wave telegraphy, and telephony. The provision for 
transmitting interrupted continuous waves is made in order that 
communication may be carried on with stations not equipped 
for the reception of continuous wave signals. The wave form 
radiated on interrupted continuous wave transmission has char- 
acteristics sufficiently close to those of а spark transmitter that 
stations that can receive the latter сап also receive the former. 
Transmission by continuous waves is so much more effective 
than that by interrupted continuous waves and by spark signals 
that it is only a matter of time before all receiving stations will 
be equipped to receive continuous waves. When that time comes, 
the provision in these tube transmitters for interrupted-continu- 
ous wave telegraphy may be omitted. | 

The 200-watt transmitter (Figure 1) utilizes four 50-watt 
radiotrons (UV-203) (Figure 2), as oscillators when transmit- 
ting continuous waves or interrupted continuous waves (hence 
the 200-watt rating) and five for telephony (two as oscillators, 
two as modulators, and one as a speech amplifier). The last 
radiotron amplifies the output of the microphone transformer 
before it is impressed on the grids of the modulating tubes, since 
the transformer alone has not sufficient capacity to permit modu- 
lation of the output of the oscillators efficiently. 

The 1,000-watt transmitter in Figure 1 utilizes four 250- 
watt radiotrons (UV-204) (Figure 2) as oscillators when trans- 
mitting continuous waves or interrupted-continuous waves, and 
four for telephony (two as oscillators and two as modulators). 
In this set a UV-203 radiotron is also used as a speech amplifier 
for telephony. 

The sets have а wave length range, on an average ship's 
antenna, of from 300 to 800 meters, and the three methods of 
communication are provided for thruout this range. The set 
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can also be supplied for a wave length range of 600 to 2,000 
meters. Under these conditions, continuous wave and inter- 
rupted telegraphy are provided for thruout the entire range, but 
telephony is available only up to 1,000 meters. 


FicvnE 1—Left: Model AT-686, 200 Watt Radio Transmitter. Right: Model 
AT-702, ] Kw. Radio Transmitter 


For transmitting with interrupted continuous waves, use is 
made of а motor-driven interrupter mounted within the con- 
fines of the transmitter structure. This interrupter functions 
similarly to the transmitting key on the continuous wave posi- 
tion except that the oscillations are started and Svoppen at an 
audio frequency. 

The filaments of all tubes are supplied with alternating cur- 
rent, which increases the filament life from 50 to 100 percent. 
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over the life obtainable by direct current supply. This is be- 
cause of the fact that when direct current is used, one side of the 
filament is at higher potential, with respect to the plate, than the 
other. This condition causes more rapid evaporation of one- 
half of the filament than the other. When alternating current 
is used, each half of the filament is alternately at higher and 
lower potentials with respect to the plates, thereby equalizing 
the evaporation of the halves of the filament. 


FIGURE 2—Hadiotron Power l'ubes. Models (Left to Right), UV-207, 202, 203, 
204, 206, 208 


Negative bias for the grids of the modulator and speech am- 
plifier tubes is obtained by a potentiometer connected across the 
125-volt direct current exciter forming one unit of the power 
equipment. The bias is increased with increase in power. 

The wave length of the transmitters is established by the 
antenna circuit, including the loading inductance and “gener- 
ating" coil in the transmitter. Series antenna condensers are 
used to obtain the lower wave lengths. 

When the set is installed, adjustments of plate and grid 
coupling are made for each wave length which the set will utilize. 
These adjustments, once made, need not be changed thereafter. 
They cannot be made before installation, because they are 
dependent on the constants of the antenna on which the set 
operates. | 
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All oscillator and all modulator tubes are connected in parallel. 
The same plate voltage supply is utilized for all tubes in each set, 
except the 50-watt speech amplifier in the 1,000-watt set. The 
plate voltage for this tube is 1,000 volts, while that for the remain- 
ing 250-watt tubes is 2,000 volts. The 1,000 volts is obtained 
from one of the 1,000-volt commutators of the power equipment, 
two of these commutators being connected in series to obtain 
2,000 volts. 

A small radio choke coil is included in the plate lead of both 
oscillator and modulator tubes to eliminate parasitic oscillations, 
which are otherwise likely to be generated when operating tubes 
in parallel. 

The power equipment, illustrated in Figure 3, is a three-unit 
motor generator set, consisting of a motor, a double current self- 
excited generator, and a high voltage direct current generator. 
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FIGURE 3—2,000-volt D. C. Motor Generator Model UP-703. for Radio Trans- 
mitting Equipment. Model ET-3608 


The standard equipment consists of either a 115-volt direct 
current or a 110/220-volt, 50/60-cycle motor. The double cur- 
rent generator provides direct current at 125 volts for the excita- 
tion of the high voltage direct current generator, and for the 
operation of relays and auxiliaries. It also generates single 
phase alternating current which is stepped down thru suitable 
transformers for filament supply. The direct current equip- 
ments have a speed regulator. It will be noted that the com- 
bination of а speed regulator and a self-excited genetator for the 
high voltage machine makes the filament and plate voltages 
practically independent of normal variations in supply voltage. 

This combination of units in the power equipment also makes 
the power supply to the transmitter independent of the line sup- 
ply, that is, the motor may operate from any supply without 
affecting the output to the transmitter, so long as the speed is 
maintained. 

Suitable protective condensers are mounted on the power 
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equipment to absorb high potential surges which are sometimes 
incidental to the operation of the set. 

The motor starter is mounted within the transmitter struc- 
ture and is operated by means of momentary contact “start” 
and “stop” push buttons. Momentary contact control has been 
provided to insure under-voltage and no-voltage protection. In 
the case of voltage failure, the power equipment will stop and will 
not start again until the start button is depressed. The use of 
the momentary contact system also is utilized by the plate over- 
load relay. "This relay is made to break the circuit of the hold- 
ing coil in the starter, shutting down the power equipment in 
the event of overload in the plate circuit. 

The construction of the 1,000-watt transmitter is evident 
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Figure 4—1 Kw. Radio Transmitter Model AT-702 for 
Radio Transmitting Equipment, Model ET-3608 
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frem Figures 4, 5, and 6. It has been designed with ample con- 
sideration for high voltage clearances and creepage distances, 
ruggedness, and accessibility of component units. Оп the metal 
panel forming the front of the unit are mounted the following 
instruments and controls: 

(a) Wave-changing switch. 

(b) Signal-change switch. 

(c) Power-change switch. 

(d) Antenna ammeter. 

(e) Plate voltmeter. 

(f) Plate circuit relay. 

(g) Plate voltage rheostat. 
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FIGURE 5—1 Kw. Radio FIGURE 6—1 Kw. Radio Transmitter 


Transmitter Model AT- Model AT-702 for Radio Transmitting 
702 for Radio Transmit- Equipment, Model ET-3608 


ting Equipment, Model 
ET -3608 
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The over-all dimensions of the transmitter proper аге: 
Width 29 inches (75.7 em.). 
Depth 23 inches (58.3 cm.), including projection of con- 
trols, and so on. 
Height 69 inches (1.75 m.), including projection of an- 
tenna insulator. 
Weight (boxed), approximate 225 lbs. (104 kg.). 


The radiotrons are mounted on a spring-suspended rack at 
the top of the transmitter. "They are visible to the operator at 
all times thru the perforated section of the panel. 

The wave-changing switch is one of the most unique units 
making up the transmitter. It is designed for four positions, 
making it possible in one operation to shift to any one of the four 
wave lengths to which the transmitter is adjusted. It is a gang 
switch, including four banks which control taps on the following 
circuits and equipment: 


(a) Plate coil. 

(b) Grid coupling capacity. 

(c) Grid coupling connection to the antenna. 
(d) Loading inductance and series condensers. 


The signal switch has for its function the changing of the con- 
nections necessary when transferring from one method of signal- 
ing to another. This is accomplished by one operation of the 
switch, inasmuch as the eight banks composing the switch trans- 
fer all circuits affected by the change in signaling. 

The power change switch is a two-bank gang switch, simul- 
taneously changing the plate voltage by variation of resistance 
in the high voltage generator field and changing the biasing 
voltage on the grids of the modulator tubes. The switch has 
two positions, for “high” and “low” (approximately one-third) 
power, respectively. Change in power requires no other adjust- 
ment than the operation of this switch. 

The loading coil is made of copper strip, wound edgewise 
with rounded edges. The fact that this coil is wound of bare 
conductor makes it possible to connect to it at any point for 
exact tuning to required wave lengths. It is accessible thru a 
door in the upper part of the transmitter panel. Four bus bars 
are provided, one for each position of the wave change switch, 
running the length of the loading inductance. A flexible con- 
nector is attached to each bus, and may be shifted along the bus 
bar until opposite the point at which the other end of the con- 
nector will be attached to the loading inductance. This arrange- 


608 


ment eliminates complication in wiring, and insures positive 
clearance between the four flexible conductors. 

Adjustments for plate and grid coupling are also made thru 
a door in the panel, located in the upper right hand side of the 
structure. | 

The three series antenna condensers have capacities of 
0.00028, 0.00078, and 0.004 microfarad. These are mounted in 
the transmitter, and are provided with mica dielectric and alumi- 
num cases. 

Provision has been made for remotely operating the send- 
receive controls from a distant station by a so-called “‘subscriber.”’ 
To accomplish this, it is necessary to place one unit at the oper- 
ator’s transmitting station and five units at the subscribers’ 
station. The operator’s control unit, shown in Figures 7 and 8 


FIGURE 7 — Model UT-697 Figure 8—Model UT-697 rator’s Control 
Operator’s Control Unit (Ex- Unit (Interior View) for Models ET-3602 and 
terior View), for Models ET- ET-3608 Radio Telephone Transmitters 
3602 and ET-3608 Radio Tel- 

ephone Transmitters 


is 12 inches (21.8 by 30.2 em.) long, 8 inches (21.8 cm.) wide 
and 6 inches (15.1 ст.) deep and weighs approximately 20 lbs. 
(9.1 kg.). It is designed to be mounted with its top flush with 
the surface of the operator's table. 
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The unit contains the following equipment: 

(a) Three-position control switch. This switch has three 
positions: “Local” “Remote,” and “Interphone.” 
When in the “Local” position the operator has com- 
plete control of the transmitter. When in the ''Re- 
mote" position, the send-receive control is transferred 
to the send-receive switch in the subscriber's control 
unit. When in the “Interphone” position, wire 
telephony is available between the operator and the 
extension station. 

(b) Momentary contact “start” and “stop” push buttons. 
These controls are in the operator's control unit only. 
It is not possible to start or stop the transmitter from 
the extension station. 

(e) Operator's Send-receive Control. "This is a tumbler 
switeh, with name plates to designate its respective 
positions. When the control is thrown to the “Re- 
mote" position, the operator has no control over the 
send-receive switch. 

(d) Ringing Push Button. "This button is used to ring the 
bell at the extension station. 

(e) Jack for Breast Microphone. 

(f) Jack for Head Phones. 

In addition to the control unit the filament voltmeter ( Figure 
9) is also located on the operator's desk, where it can be readily 
observed. This is essential in order to obtain the maximum 
filament life. The operator's accessory apparatus is shown in 
Figure 10 and the grounding switch in Figure 11. 


FIGURE 9—Filament Voltmeter with Support 


The five additional units at the subscriber's station are 
shown in Figure 12. The subseriber’s unit contains a tumbler 
send-receive switeh which controls the send-receive relay in 
the transmitter when the operator has thrown the control to the 
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subscriber's station, and a “Ringing” push button to call the 
operator. The unit is approximately 6 inches (15.1 em.) long 
and 3 inches (7.6 em.) high, and 2 inches (5.1 em.) deep, and is 
designed for mounting on the desk at the extension station in а 
convenient position to facilitate the manipulation! of the send- 
receive control. 


FIGURE 10—Operator's Equipment for Models ET-3602 and ET-3608 
Radio Telephone Transmitter 


Figure 11—Lighting Switch Model UQ-695 used with 
Radio Transmitting Peu e Model ET-3608 and 


In ease it is desired to control the transmitter from more than 
one extension station, the control unit shown in Figure 13 is em- 
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FIGURE 12—Extension Station Equipment for Models ET-3602 and 
ET-3607 Radio Telephone Transmitters 


ployed. This equipment in addition provides communication 
between the operator and any one of five extension stations. 


Ficure 13—Control Unit for Multiple Extension 
System 


Spare parts for either the ET-3602 or ET-3608 equipment are 
supplied in а suitable box illustrated in Figure 14. 

Circuit diagrams for the ET-3608 transmitter are shown in 
Figures 15 and 16 and are self-explanatory. The circuits of the 
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ET-3602 equipment are essentially the same. Attention is 
called to the use of the exciter voltage for biasing the oscillator 
grids for keying purposes. 


Еасве 14—Spare Part Box Model for ET-3602, 200 Watt Radio 
Transmitting Equipment 


The linear relation between the plate potential of the oscil- 
lators and the antenna current which is essential for telephony 
is illustrated in Figure 17. The variation of antenna current 
with filament volts is shown in Figure 18. Typical operating 
characteristics for the UV-203 and UV-204 radiotrons are shown 
in Figures 19 and 20. 

Figure 19-B shows the plate and grid current voltage charac- 
teristics for a type UV-203 radiotron. These characteristics are 
of value in predicting the performance of the radiotron, as they 
cover the range of grid and plate voltages during which plate 
current flows when the associated circuit is adjusted for efficient 
operation. It will be seen that plate current flows only when the 
grid is positive, or only very slightly negative, so that the flow 
of plate current is necessarily limited to a fraction of a cycle, 
usually less than one-half. 

By use of this characteristic, and assuming different angles 
during which plate current flows in the circuit, the performance 
of the tube under a number of conditions may be predicted and 
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the conditions for best performance for any given output may be 
determined. "This has been done, and the results are shown in 
Figure 19-A. The use of a constant plate voltage of 1,000 volts 
is assumed here. It will be seen that for low outputs, the mini- 
mum instantaneous plate voltage 15 low, and the direct current 
grid voltage is high, the alternating current grid voltage being 


| [ET 3608 TRANSMITTER 


Dr TELEPHONE QPERATION с: 


| RELATION. BETWEEN PLATE POTENTIAL 
; л. ATENA SAAREN. Hd 


FIGURE 17E T-3008 "Transmitter IS om. 
Relation. Between Plate Potential and Antenna Current 


nearly constant over a considerable range of outputs. This means 
that the grid voltage does not reach a high positive value, and 
while it is positive, the plate voltage is low. Inspection of Figure 
19-B shows that instantaneous values of plate current, and hence 
of tube input are low under these conditions, which would be 
expected for low output at high efficiency. As the output is in- 
creased, the grid becomes more positive and remains so for a 
longer portion of the cycle, hence the integrated grid current 
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becomes greater, and this, with the requirement of lower direct 
current grid volts, results in the use of a low grid leak resistance. 
Figure 19-C shows the efficiency of the tube at different out- 
puts when working with the best circuit adjustments. The 
electron loss is also shown, the loss in the grid leak being negligible. 
It is interesting to note that while the tube is rated at 50 
watts output with 100 watts electron loss, it is actually capable 
of delivering 124 watts to the circuit with an electron loss of 100 
watts. To realize this output requires careful adjustment of the 
circuit and special care that the grid and plate voltages should 
be 180 degrees out of phase, as dephasing of the grid voltage 
increases the tube loss considerably. It should also be remem- 
bered that the output of the tube is the total power delivered to 
the circuit, and if the circuit has considerable loss, the power 
available may be much less than the output of the tube. 
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Figure 18—ET-3608 Transmitter. Relation Between 
Filament Voltage and Antenna Current 
617 


T 
+ 
- 
' 


H а à > 2, a? 
و‎ A 
- b u LP 


^. 
T 
' 


(PS ESSE, 2.6 ср 
pde "E 
TELLE Tir NE 
|^. 


aoc 


' К us is 
SS oe " 
ү D 
E 
t .. 
М 


онй зай Oams оцене ена of Typical UV-203 
lotron 


FERETE | 


muc Шаны: 
ifii iba Sut HË 
m S AN perm | 
"Bus 


Hd | 
ШЕ e j 


» j . mu I, 
"i jo HHP FH fe 
JH ua a. : 


FIGURE VERBA RR MEE of ТУЫСЫ UV-203 
Radiotron 
618 


Digitized by Google 


The receiving equipment used with the ET-3608 and ET-3602 
transmitter is shown in Figure 21. The tuner consists of the usual 
two-circuit type utilizing regeneration. A wave length range of 
from 300 to 3,000 meters is provided. The amplifier system 
comprises standard detector and two-stage audio amplifier units. 
The UV-200 radiotron is used as a detector and the UV-201 
(Figure 22) for the audio amplifier stages. 
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SPARK TUBE TRANSMITTER 


The commercial tube transmitters just described were de- 
signed to replace completely the present spark equipment. In 
order to permit reception of these transmitters utilizing receivers 
designed only for spark transmitter work, means for interrupted 
continuous wave telegraphy were included in the tube sets. It 
is obvious that in some cases such an abrupt change in trafsmit- 
ting equipments could not be economically justified. The need 
for providing the advantages of continuous wave transmission 
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and yet retaining the spark equipment resulted in the design of 
an attachment which would permit either spark or continuous 
wave telegraphy. 
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FIGURE 20A—Operating Characteristics of umami — 
iotron 


The tube attachment provides continuous wave telegraphy 
on any two wave lengths in the band of 1,800 to 2,600 meters. 
The output is approximately 750 watts. The tube equipment 
consists of one UV-218 kenotron operating as a half wave recti- 
fier and a UV-206 radiotron as an oscillator. The entire power 
supply is furnished by the 500-cycle generator normally used 
with the spark transmitter. A filter is provided to reduce the 
ripple in the rectifier output to about 5 percent. 

The general construction is shown in Figures 23 and 24. A 
double-throw switch not shown in these figures permits changing 
from spark to continuous wave transmission. "The switch shown 
in Figure 24 provides selection of either of the wave lengths for 
which the equipment has been adjusted. Asin the case of the 
ET-3608 transmitters, a filament voltmeter is located on the 
operator's table. The circuit for this unit is shown in Figure 25. 
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FiGong 20B—Operating Characteristics of Typical UV-204 
Radiotron 


Fiona EK эрас. Chasacteritíoe of UV-204, Radio- 
tron at 2,000 Volts D. C. 
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DUPLEX TRANSMITTING EQUIPMENT 


The general operation of this type of equipment has been 
fully considered in a recent issue of the PROCEEDINGS. The 
particular set manufactured by the General Electric Company 
is shown in Figures 26 and 27. The rectifier utilizes two UV-218 
kenotrons operating in a single phase, full wave circuit. АП 
power is supplied by a 500-cycle generator quite similar to that 
ordinarily supplied for spark equipments. 


FicvnREÉ 21—Radio Tuned Coupler Model AR-1529, Detector Model AD-1527, 
and 2 Tone Amplifiers Model AD-1528, Front View 


FicurE 22—Radiotrons, Models UV-199, UV-200, UV-201 


The transmitter unit covers a wave length range of 300 to 
800, meters. Two UV-206 radiotrons are used, one as an oscil- 
lator, the other as a modulator. 'The speech amplifier consists 
of а UV-203 tube. 

The receiver illustrated in Figure 28 provides reception over 
a range of wave lengths from 250 to 4,000 meters and uses 8 
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UV-201 radiotrons. Circuit diagrams are shown in Figures 29 
and 30. This particular equipment was used on the S.S. 
America during the tests made in 1922. 


И 


FIGURE 23—Vacuum Tube Radio Figure 24— Vacuum Tube 
Transmitting Equipment for use in Radio Transmitting Equip- 
Connection with Spark Sets ment for Use in Connection 


with Spark Sets 


Море, ET-3619 TRANSMITTER 


This equipment was designed for service on yachts or small 
vessels where only relatively short distance transmission is re- 
quired. Ordinarily provision is made for only continuous wave 
telegraphy and telephony. Interrupted continuous wave teleg- 
raphy can, however, be obtained by the addition of a motor- 
driven interrupter. For telegraphy, four UV-202 radiotrons 


623 


Digitized by Google 


(5 watts) are employed аз oscillators. For telephony, two of 
these tubes are utilized as modulators. 

A front view of the transmitter unit is shown in Figure 31. 
Two controls are supplied on the panel, one a signal switch which 
changes the connections from telephony to telegraphy, and the 
other an antenna condenser for wave length adjustment. Ad- 
justment of the oscillating system 1s provided by connectors on 
the coil shown in the rear view of the transmitter unit (Figure 32). 
This view illustrates the method of mounting the various stand- 
ardized units, the general plan of wiring, and the terminal board 
located at the base of the unit. The antenna insulator is shown 
at the lower left-hand side. 


Figure _26—Duplex Radio Telephone Fiure 27— Duplex Radio Tele- 
Transmitter; Radio Unit phone Transmitter; Rectifier Unit. ` 
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higure 28—Model of Radio Receiver for Duplex Operation. 
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Picture 29—Circuit Diagram of Radio Panel 


626 


Digitized by Google 


Uv-2!8 
KENOTRONS 
P dm" „ -` 


FIGURE 31—Model ET-3620, Kenotron Rectifier and Model ET-3619, Radio 
Transmitter (Front) 


FicvRE 32—Model ET-3620, Kenotron Rectifier and Model ET-3619, Radio 
Transmitter (Back) 
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A schematic circuit diagram is shown in Figure 33. Operating 
characteristics of the UV-202 radiotron are indicated in Figure 34. 
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FIGURE 33—Circuit Diagram ET-3619, Transmitter 


Power for the transmitter unit may be obtained from a motor 
generator or a kenotron rectifier. The motor generator is used 
principally where only direct current is available. In this case 
the high voltage direct current supply for the plate circuits 1s 
obtained from the generator. The filament energy is furnished 
by a transformer, the primary of which is supplied from slip 
rings on the motor. 

The circuit arrangement shown in Figure 35 constitutes a 
single phase full wave rectifier. If no filter or smoothing net- 
work were used, the current supplied to the oscillator would have 
the form shown by the middle oscillogram in Figure 36. The use 
of the filter reduces the ripple so that the output of the rectifier 
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takes the form shown in Figure 37. The UP-1368 transformer 
has three secondary windings, two of which supply power to the 
filaments of the UV-216 kenotrons, and the UV-202 radiotrons. 
(Figure 38). The third winding terminates on the plates of the 
kenotrons. The taps on primary of the transformer permit the 


Figure 34C—Operating Characteristics of UV-202, Plio- 
tron at 350 Volts D.C. 
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FIGURE 35 
ET-3620, Kenotron Rectifier 


Cireuit Diagram of Model 


630 


proper secondary voltages over a range of line voltages from 
102.5 to 115. 


Single-phase 
| | RE Half Wave 
ne Rectification 
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x | Full Wave 
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FIGURE 36 


TIGuRE 37—Current Wave ET-3620, Keno- 
tron Rectifier 


The load characteristics of the ET-3620 are shown in Figure 
39. These characteristics were obtained by operating the recti- 
fier under various load conditions, but holding the filament load 
constant. The over-all efficiency is based on the ratio of kenotron 
output plus filament losses to the total primary input. The 
actual over-all efficiency of low power rectifiers is not high, be- 
cause of the filament energy. А characteristic curve of the UV- 
216 kenotron is shown in Figure 40. 
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RECTIFIERS 


In view of the service requirements a fixed station is usually 
of considerably higher power than ship equipment. This or- 
dinarily results in a relatively high voltage direct current supply 
(10,000 to 15,000 volts) for theoscillator plates. At present, when 
the power requirements are such that the direct current supply 
voltage must exceed 2,000 volts, it is desirable to employ keno- 
tron rectifiers. 


Fictre 38—Kenotrons: Models (Left to Right), 214, 216, 217, 218, 219 


Rectifiers may be single or polyphase, depending largely on 
the nature of the power supply and the value of rectified current 
required. The chief advantage of polyphase over single phase 
rectification lies in the lower value and higher frequency of the 
alternating current components in the rectified voltage wave, 
thereby making it easier to smoothe. Single phase rectification 
is commonly employed where only a small value of rectified 
power is desired, such that the tube capacity required for poly- 
phase rectification is in excess of the required output. 
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The simplest rectifier. is one which utilizes only one-half of 
the alternating current voltage wave. The half wave rectifier 
has the advantage of employing fewer rectifier tubes, the mini- 
mum number being equal to the number of phases, but the full 
wave rectifier, rectifying both halves of the voltage wave, pos- 
sesses such advantages over the half wave rectifier that the latter 
is little used, except in cases where the power demand is very 
small, or where extreme simplicity or low first cost of apparatus 


are desired. 
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FIGURE 39 


full wave rectifiers are preferable to half-wave 


rectifiers for the following reasons: 
(1) The full wave rectifier delivers a smoother voltage wave. 
(2) The half wave rectifier operates the step-up transformer 
with a direct current component of flux in the core, 
with correspondingly high iron losses. 
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(3) The step-up transformer in a half wave rectifier draws 


an unsymmetrical current from the line, with large, 


even-harmonic components. The accompanying poor 


regulation is usually objectionable. 
(4) In the case of а polyphase rectifier, the resultant even- 


harmonie voltages set up in the line have а phase 
rotation opposite to that of the fundamental. 


This 


is highly objectionable in the case of rotating machin- 


ery operating on the line. 
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FIGURE 40 


SINGLE PHASE HALF AND FULL WAVE RECTIFIERS 


Figure 41 shows the circuit connections and resultant voltages 
for both half and full wave rectification on a single phase system. 


THREE PHASE HALF WAVE RECTIFIER 


Figure 42 shows a three phase half wave rectifier connection. 
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FIGURE 41 


The dotted lines represent the transformer voltage waves. The 
current waves follow the rectifier voltage wave, assuming negli- 
gible resistance and reactance in the rectifier. The reason for 
this lies in the valve action of the kenotron, whereby, at any in- 
stant, only the kenotron with the highest positive potential on 
its plate will pass current. Thus each tube passes current for one- 
third of a cycle. The primary current in the transformer is 
unsymmetrical, and in the limiting case of high reactance in the 
load, assumes the square wave shape shown in the figure. This 
wave, if analyzed, is found to have a second harmonic component. 
with a magnitude of 50 percent of the fundamental and a fourth 
harmonic with a magnitude of 25 percent of the fundamental, 
besides other higher even harmonics of lesser magnitude. 

It will be noted that the filaments are heated from a three 
phase circuit. This is done so that the filament and space charge 
currents will add up equally in all kenotrons and produce equal 
filament temperatures. If all the filaments are lighted from one 
phase, the phase angle between filament and space charge cur- 
rent will differ from 120 degrees in successive tubes, and the sums 
will not be equal. The resultant unequal filament temperatures 
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shorten the mean filament life. Another method of securing 
equal filament temperatures is to heat the filaments from a single 
phase source, not synchronous with a three phase source. 
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FIGURE 42 


THREE PHASE FULL WAVE RECTIFIER 

Figure 43 shows a three phase full wave rectifier. The step- 
up transformer for such a rectifier is wound with mid-taps on 
each of the three phases, and these are joined together to form 
the negative terminal of the rectifier. It will be noted that the 
currents drawn from the two sections of each secondary winding 
are equal and opposite in sign, hence the primary current is 
symmetrical and contains no even harmonies. 

Sinee each tube passes current only when the voltage on its 
plate has a higher positive value than any other plate, it follows 
that in the three phase half wave rectifier, each tube passes cur- 
rent for one-third of the eyele, while in the three phase full wave 
rectifier. each. tube passes current for only one-sixth of a cycle. 
Thus it follows that three phase half wave rectification is prefer- 
able to full wave rectifieation in that it utilizes the filament 
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emission to a much greater extent. On the other hand, full wave 
rectification is more desirable on account of its better regulation, 
absence of even harmonic in the line, and smaller harmonic com- 
ponents in the rectified voltage wave. 
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FIGURE 43 


THREE PHASE DouBLE Y RECTIFIER 


The advantages of both full wave and half wave polyphase 
rectifiers may be realized by connecting the high tension windings 
of the transformer to form two Y’s, 180 degrees out of phase, 
as shown in Figure 44; each Y, with its kenotrons, is a half wave 
rectifier delivering voltage waves, E; and E», with the odd mul- 
tiples of the triple harmonie components in the two Y's, 180 
degrees out of phase and the even components in phase. If we 
connect the neutral points of the two Y's thru a large reactance, 
and draw current from the rectifier thru the mid-point of the 
reactance, the odd multiples of the triple harmonie component 
will not appear in the rectified voltage wave, since their value 
is zero at this point, but the even harmonie components will 
appear. The voltage across the reactor, or interphase trans- 
former is the sum of the absolute values of the odd multiples of 
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the triple harmonic frequency voltage due to each Y. The cur- 
rent caused by this voltage is the interphase transformer mag- 
netizing current, and circulates thru the kenotrons and trans- 
former windings without appearing in the load. 
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FIGURE 44 


The current waves thru each kenotron are nearly square, 
lasting for one-third of the cycle. Since there are two high ten- 
sion windings for each phase passing current in opposite direc- 
tions, the primary current wave is symmetrical and contains 
no even harmonics. The direct current component delivered 
by each of the two Y’s is one-half of the total direct current, 
so that each tube is required to pass only one-half the maxi- 
mum value of current required per tube in an ordinary three 
phase full wave rectifier. This means that the filament tempera- 
ture may be lower since less emission is required, and the fila- 
ment life is accordingly prolonged. 

Figures 45 and 46 show typical rectifier assemblies and Fig- 
ure 38 illustrates the standardized kenotrons used in the various 
rectifiers. Characteristic curves of the UV-214, 218, and 219 
are shown in Figures 47, 48, and 49. 
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FIGURE 45—30 Kw. 
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FIGURE 40— Assembly of UV-214, Kenotrons 
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Two KiLowaArT FIXED STATION EQUIPMENT 


Figures 50 and 51 illustrate one type of fixed station equip- 
ment. The factors to be noted are the ruggedness, simplicity, 
and freedom from congestion of both the units and the wiring. 
The resemblance to a power switchboard is quite striking and 
results from the use of a great number of standard units nor- 
mally utilized in power practice. 
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FIGURE 47 


This equipment provides continuous wave and interrupted 
continuous wave telegraphy on wave lengths from 600 to 3,000 
meters. 'The floor space required is ten square feet (1.08 sq. m.), 
and the over-all height is nine feet (2.74 m.). Theequipment 
may be divided into two sections, the rectifier unit and the radio 
transmitter. 

Referring to Figure 50 which shows the panel of the equip- 
ment, the left-hand section is the single phase, full wave kenotron 
rectifier, employing two UV-218 tubes. 
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The rectifier is designed to operate from a 220-volt 60-cycle 
power supply. When the required voltage is not available, an 
auto transformer may be used. 
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FIGURE 48 


The upper portion of the panel contains the various meters 
required for control of the equipment. Directly below the meters 
are mounted three protective relays which prevent overloading 
the radiotrons sufficiently to destroy them. Below the protective 
relays is located the filament voltmeter transfer jack. The 
second section of the panel contains insulating switches for the 
filament and plate currents, as well as a line switch, rheostats 
for filament excitation control, and “stop” and “start” buttons. 
The lower section controls the power supplied, by means of taps 
on the auto transformer, thus providing a variation in the voltage 
impressed on the primary of the plate transformer, and permit- 
ting an adjustment of the output of the rectifier unit. The small 
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handle controls an induction regulator which enables compensa- 
tion for small changes in line voltage. 
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FIGURE -Ohiri Curves of UV-219 Kenotron 


The lamps and buzzers mounted on the top of the panels are 
filament burn-out indicators. The left hand indicator is in the 
kenotron filament circuit, the other in the radiotron filament 
circuit. If а kenotron should burn out, the buzzer and lamp 
associated with this circuit would function. These units are 
designed to insert reactance in the filament circuit to prevent 
damaging the remaining tube in case of any increase in supply 
voltage, owing to the decreased load caused by the filament 
burning out. 

The right-hand portion of the panel contains the control for 
the radio transmitter which employs two UV-206 radiotrons. 
The handle shown in the upper section provides means for 
selecting any one of three wave lengths between 600 and 3,000 
meters. This wave change switch consists of a three position 
three bank switch so that, when changing wave lengths, it is 
only necessary to operate one switch which varies the constants 
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of the antenna and associated circuits. The center section of 
the panel contains the keying relay, which is remotely controlled 
by the operator's telegraph key. The two-position switch below 
the keying relay selects the type of telegraph communication, 
that is, continuous wave or interrupted continuous wave. 


FIGURE 50—2 Kw. Radio eee Transmitter, С. W. 
and I. C. W. Communication. Wave Length, 600 to 
3,000 Meters 


Complete control of the equipment is provided from the 
operator's desk. In addition to the telegraph key which controls 
the keying relay, two sets of push buttons are provided, “‘start’’ 
and “stop,” "send" and “receive.” The “start” and “stop” 
buttons control the main power contactor, which disconnects the 
power supply on the set side of the main line switch. "The “send” 
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and *'receive" buttons control the necessary contactors and inter- 
locking circuits required to connect either the transmitter or the 
receiver to the antenna in such à way as to prevent accidental 
starting of the transmitter when the receive button is depressed. 
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FIGURE 51—2 Kw. Radio Telegraph Transmitter, C. W. and I. C. W. Com- 
munication. Wave Length, 600 to 3,000 Meters 


The circuit diagram of this equipment is shown in Figure 52. 

А second type of two kilowatt fixed station and a 4 kilowatt 
equipment of the same general design is shown in Figure 53. 
These sets are designed to provide continuous wave telegraphy 
on any four wave lengths between 600 and 3,000 meters. The 
transmitter consists essentially of four component circuits. A 
rectifier circuit is used to obtain a source of high voltage direct 
current for the plate of the radiotron. The filter circuit is ar- 
ranged to smooth out the ripple in the rectifier circuit current, an 
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F'iGunag 52—Circuit Diagram of 2 Kw. Transmitter 
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Vacuum Tube Radio Transmitting Equipment. 


Model ЕТ-3615 


4 Kw. 


FIGURE 53 


oscillator circuit is provided which converts the high voltage 
direct current output of the rectifier and filter into radio fre- 
quency current, and a tuning system is included by means of 
which the wave length of the antenna circuit is adjusted to the 
wave length of the transmitter. The transmitted wave length 
is established primarily by the tank circuit in the transmitter 
which is loosely coupled to the antenna circuit. 

The foregoing circuits are built in three independent units:— 
a vacuum tube rectifier panel which contains the rectifying and 
filter cireuits, a vacuum tube oscillator panel which contains the 
oscillator and antenna circuits, and an antenna tuning unit 
which includes the equipment necessary for adjusting the wave 
length of the antenna. 

The rectifier for the 4 kilowatt transmitter is shown in Figure 
54. Rectifying equipment for the 2 kilowatt transmitter is quite 
similar in design, except that only two UV-218 kenotrons are 
used instead of four. Both rectifiers operate in а single phase, 
full wave circuit, with 110 or 220-volt, 60-cycle supply. 

The radio frequency generating units shown in Figure 55 
use three UV-206 tubes, for the 2 kilowatt outfit, and five UV-206 
tubes for the 4-kilowatt equipment. A schematic circuit dia- 
gram is given in Figure 56. Any one of the four wave lengths 
may be selected bv means of the four bank switch. The units 
mounted on the left-hand panel of the transmitter are à switch 
for controlling the coupling, the keving relay, communication 
switch, and start-stop push button. 

The antenna loading coil with its wave-change switch is 
` shown in Figure 57. 

Control is normally obtained by means of auxiliary equip- 
ment constructed for mounting on the operator's table. This 
equipment consists of a telegraph key with a back contact for 
operating the break-in relay, and the operator's signal and con- 
trol eabinet which includes the following: 

1. Start and stop switch, which opens and closes the main 
line contactor on the rectifier panel. 

2. Tumbler switch for controlling a stand-by send-receive 
switch mounted in the antenna unit structure. 

3. Three indicating drops, which indicate plate overload 
and kenotron or radiotron filament over-voltage, re- 
spectively. Each of the three drops actuate a buzzer 
which indicates to the operator that the transmitter 
requires attention. This control unit is shown in 
Figure 58. 
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FIGURE 54—Vacuum Tube Rectifier, Model AP-1763, Radio Transmitting 
Equipment ET-3615 
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FIGURE 55—Vacuum Tube Oscillator, Model ST-1764, 2 Kw. Radio; 
Transmitting Equipment, Model ET-3613 
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Figure 56—Schematic Diagram of Oscillating Circuits 
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FIGURE 57—Antenna Tuning Unit, Model SL-1766, Vacuum Tube Radio 
Transmitting Equipment, Model ET-3615 
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FicureE 58—Signal and Con- 
trol Cabinet 


The control supplied for the operator's cable, while sufficient 
for normal operation, does not take care of all adjustments for the 
set. Wave change, power change, signal change, filament voltage 
control, and line voltage compensation are controlled in the 
transmitter. Provision is also made for starting and stopping 
the set from push buttons located on the rectifier and oscillator 
panels. The equipments are provided with protective apparatus 
which will prevent any injury to the component parts in the 
event that the apparatus is improperly operated. Operating 
characteristics of the UV-206 radiotron are shown in Figure 59. 


20 KILOWATT TRANSMITTING EQUIPMENT 


An outline drawing of а 20-kilowatt equipment is shown in 
Figure 60. This transmitter consists of three main units:—recti- 
fier, master oscillator, and radio frequency generator. 

The three phase double Y rectifier utilizes six UV-219 keno- 
trons and is designed to operate on a three phase, 220 or 440- 
volt 60-cycle circuit. 

The master oscillator includes one UV-206 radiotron with 
sufficient accessory apparatus to provide a band of wave lengths 
from 2,500 to 4,500 meters. 

The power amplifier is divided into three units, UV-207 tube 
mounting with complete cooling system comprising a radiator 
pump and fan, tank circuit variometer and tank condensers. 
Characteristics of the UV-207 radiotron are shown in Figure 61. 
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FIGURE 59A 


Some information on the radiotrons mentioned in this paper 


is given in the following table: 


POWER TUBES 


Filament 


° 
Ye) 
о 
о 
о 
Yo) 
co 


o 
Те) 
“ч 
© 
e 
© 
=. 
v 


2.35 

6.50 

3.25 

14.75 
8 


7.5 
10.0 


15.0 
25 


UV-203 


‚0 
0 
0 


1,000 | 0.125 


10.0 


UV-203A 


UV-204 


1,000 


20. 
25 


2.000 | 0.250 
5 | 2,000 | 0.200 
14.75 | 10,000 | 0.125 | 250.0 


11.0 
UV-204A | 11.0, 3. 
11.0 


UV-206 
UV-207 


40.0 | 20,000 


15,000 | 0.450 | 300.0 


15,000 | 1.800 


22.0 | 52.0 


22.0 | 24.5 


9, 


UV-208 
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KENOTRONS 


Filament Watts 


s — 0 — —‏ ے — — M‏ —-— د 


Volts Amps. Outputs (p.c.) 


UV-216 
UV-217 
UV-218 
UV-219 


RECEIVING TUBES 


Filament | Plate 
Model اا اا ا‎ ———— 
Volts | Amps. x Volts Amps 


— „. ——— —— 


UV-199 3.0 0. 
| 


06 40 0.001 
‚0 18 to 23 0.0005 
to 
0.002 
UV-201 5. i 40 0.001 6 
UV-201A D. . 2: 40 0.0012 6.5 


UV-200 .0 


OPERATING LIFE OF TUBES 

One of the most important features of а vacuum tube is its 
operating life. "The length of this operating life shows а wide 
variation with respect to operating conditions, and to some extent 
with respeet to individual tubes of the same type. 

l'or any given type of tube, life test conditions are decided 
upon from the best approximation to average operating condi- 
tions, and a considerable number of tubes are thus tested and 
average and maximum values of length of life determined. 

"uch average figures, however, are obviously not represen- 
tative of the operating conditions of every individual user. These 
conditions vary widely, and it is, therefore, impossible for the 
tube manufacturer to guarantee a certain operating life to each 
MACE: 

In the case of large power tubes, for a considerable time after 
manufacture of the tube has been under way, life test data are 
not obtainable. Life data furnished the user in such cases are 
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then estimated and supplemented hx data caleulated from tubes 
having features most similar to thc tube in question, 
Tube failures fall into two general classes: 
1. Normal or accelerated filament burn-outs. 
2. Failures from causes other than filament burns-outs, 
which are traceable to incorrect use or defects in design 
or manufacture. 
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Figure 59B—Operating Characteristics of Typical 
UV-206 Radiotron 


It would seem that the best policy in regard to life is to fur- 
nish for each type of tube what might be best termed a “life ex- 
pectation" based on the average data obtainable. This figure, 
however, is in no sense a guarantee. If the user on actual records 
obtains a life so much shorter than the expected life that it cannot 
be reconciled with operating conditions, the tube should be in- 
spected for the cause of the trouble. If this inspection shows a 
fault traceable to design or manufacture, this tube should be con- 
sidered for adjustment or replacement. 

This policy of tube life is only applicable to commercial in- 
stallations where the operation is more or less routine and where 
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log sheets are maintained, so as to indicate with considerable 
accuracy not only the actual life obtained, but the conditions of 
operation. Tubes used for experimental purposes or where the 
conditions of operation are not controllable or made a matter of 
record, naturally cannot be considered in the way described. 


SUMMARY: Tube transmitters for outputs from 500 watts to 20 kilowatts, 
and for continuous wave and interrupted continuous wave telegraphy and 
telephony are described in detail. The essential elements of such transmitters 
are discussed. Data are given on the characteristics of various power tubes 
and rectifiers, and a statement relative to the expectation of life of a tube. 
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RADIO TRANSMISSION MEASUREMENTS ON LONG 
WAVE LENGTHS* 


Bv 

Н. Н. BEVERAGE 
AND 

H. O. PETERSON 


(ENGINEERING DEPARTMENT, RADIO. CORPORATION OF AMERICA, NEW YORK) 


(Communication from the International Union of Scientific Radio 
Telegraphy) | 


INTRODUCTION 


For some time, the authors have been working on methods 
for the quantitative measurement of field strength. "The authors 
now have developed а satisfactory method, but have not yet 
obtained any great amount of data on transmission over great 
distances, as it takes months and even years of observation be- 
fore drawing general conclusions, because of the great variability 
of signals over great distances.  Itis the purpose of this memo- 
randum to describe the method used, and some of the results 
obtained during the development of this apparatus. 


THEORY 


The most reliable radio transmission formula .known at 
present is the Austin-Cohen formula, which is as follows: 


_ 0.00126 Hr Hz fI 


E D X Absorption factor 
ог 
Е= str! X Absorption factor 


where E = volts induced in receiving antenna 
f= frequency in kilocycles per second 
А = wave length in kilometers 
I —transmitter antenna current, amperes. 
H y = effective height of transmitting antenna in kilometers 
Н g= effective height of receiving antenna in kilometers. 


*Received by the Editor, July 24, 1923. Presented before THE INSTI- 
TUTE ОЕ RADIO ENGINEERS, New York, September 5, 1923. 
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For daylight transmission over sea, Austin gives the absorp- 
tion factor as: 

0.0015 D 
„79:00087 Dy op £ A 
where € is the base of Napierian logarithms. 

In the above formula, the factors which are directly meas- 
urable are antenna current I, frequency f or wave length 7, and 
distance D. The other three factors Hg, Hr, and absorption 
factor, can be calculated with some degree of accuracy, but it 
is very desirable to measure them by a precision method. It is 
fairly easy to measure any one of these three factors, if the other 
two are known. | 

The general method which the authors propose for sepa- 
rating these three factors, Нр, Hr, and absorption factor, is as. 
follows: 

First:—Calibrate the receiving antenna effective height, 
Hg. It is very difficult to calculate the effective height of a ver- 
tical receiving antenna accurately, as it depends upon the prox- 
imity of surrounding structures, ground conditions, and so on. 
However, the effective height of a loop may be calculated easily, 
and may. be used to calibrate any desired antenna, provided the 
effective height of the loop actually agrees with its theoretical 
calculated value. The authors spent considerable time checking 
this point, as will be described later. 

Second:— Using the calibrated receiving antenna, measure 
the field strength in microvolts per meter within à few wave 
lengths of the transmitting station, at which point the absorp- 
tion is negligible, making the absorption factor unity. This. 
measurement gives Hr, the effective height of the transmitting: 
station. 

Third:— Knowing the effective height of the receiving and 
transmitting antennas, measurements made at a great distance 
should give the absorption factor. 


APPARATUS FOR MEASUREMENT OF FIELD STRENGTH 


The received currents are very minute, so special methods. 
are necessary to measure them. There are several methods, but 
the most direct method and the one preferred by the writers 
is the radio frequency comparison method. It consists in sub- 
stituting.an artificial signal voltage for the signal, and adjusting 
for equality between the artificial and actual signal. Then, by 
measuring the artificial signal voltage, the voltage due to the 
signal itself becomes known. If the artificial signal is intro- 
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duced into the antenna, the comparison should be independent 
of antenna resistance or receiver sensitivity. 

Several investigators have developed apparatus for measur- 
ing signal intensity by the radio frequency method. The methods 
used consist simply of synchronizing а local oscillator with the 
incoming signal, measuring the current in the oscillating circuit 
or an associated circuit, and then introducing the voltage into 
the antenna thru a calibrated arrangement to control the in- 
tensity of the voltage introduced into the antenna. 

Engineers of the Western Electric Company and the American 
Telephone and Telegraph Company have devised а method 
whereby the current in the oscillator is measured on а sensitive 
thermo-couple meter, and then introduced into the antenna 
thru a calibrated cable mile box. This method was recently 
described in a paper before THE INSTITUTE OF RADIO ENGINEERS 
by Messrs. Bown, Englund, and Friis.! 

In England, Mr. H. J. Round and his associates devised a 
measuring outfit in which the current in an intermediate circuit 
is determined by measuring the voltage across the intermediate 
circuit tuning condenser by the "slide back" method, and intro- 
ducing the voltage into the antenna by means of a calibrated 
mutual inductance. Messrs. Weinberger and Dreher described a 
method using a calibrated mutual inductance for introducing 
the voltage into the antenna directly. (PROCEEDINGS OF THE 
INSTITUTE OF RADIO ENGINEERS, volume 7, number 6, page 
584, December, 1919.) 

The authors decided that the ideal measuring outfit should 
be similar to the Marconi outfit, but should have a direct read- 
ing meter for the oscillator current, rather than measuring the 
current by the more cumbersome “‘slide back" method. Accord- 
ingly, the authors developed the measuring outfit shown schemat- 
ically in Figure 1. 

This outfit requires little explanation. It consists essentially 
of an oscillator contained in a shielded compartment complete 
with filament and plate batteries. A UV-199 tube is used as the 
oscillator. The plate and grid coils are placed end to end in a 
honeycomb coil mounting, the windings progressing in such a 
manner as to form an astatic pair. The intermediate circuit 
inductance is coupled to the oscillator. In the intermediate 
circuit is a tuning condenser, a sensitive thermo-couple, and a 
relay for interrupting the circuit. Associated with the inter- 


1 See PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS, volume 11, 
number 2, page 115, April, 1923. 
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mediate circuit is the mutual inductance which introduces the 
artificial signal voltage into the antenna. 

The voltage introduced into the antenna by this means 1s 
easily obtained from the relation: 

E — I w M volts 
where J=current in the intermediate circuit as indicated by 
thermo-couple meter, amperes 
w= 2X frequency in cycles per second 
M = mutual inductance in henrys. 

If the intermediate circuit is omitted, the error due to har- 
monies is about 2 percent or 3 percent, which may be neglected 
on measurements on distant signals, since the error of measure- 
ment is greater than 3 percent anyway. 


METHOD FOR USING MEASURING OUTFIT 


The mutual inductance may be connected into any form of 
antenna, either vertical antenna, loop antenna, wave antenna, 
or any circuit in which the induced voltage is to be measured. 
In case a loop antenna is used, it Is usually necessary to place 
the mutual inductance in the center of the loop, grounding the 
mid-point of the secondary side of the mutual inductance. In 
the case of a vertical antenna, the mutual inductance may be 
placed at any point in series with the antenna lead-in; that is, 
it may be placed either on the antenna or the ground side of the 
receiver primary inductance, but it must not be shunted by a 
variable condenser. If a variable condenser is used in shunt to 
the primary inductance, it must not shunt the mutual inductance, 
as this would cause the mutual inductance voltage to be intro- 
duced into a cireuit of different impedance than that offered to 
the real signal voltage. If this one precaution is observed, it 
will be found that the measurements are correct, practically 
independently of the antenna constants. 

The greatest error in measurement of signals is in the equal- 

zing of artificial and real signal voltages. If the signals are weak 
nd are associated with considerable static, the usual method 
to equalize by ear, Бу “chipping in;" that is, the local oscillator 
keved at intervals between the real signals, and the intensity 
the artificial signal adjusted until it sounds exactly the same 
the real signals. The ear cannot distinguish differences less 
an about 30 percent ordinarily, but after practice, it is usually 
ssible to make the setting within 20 percent to 25 percent, or 
ser if static interference is not too heavy. 

If the signal to be measured is considerably above the static, 
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and the transmitting station is co-operating, measurements тау 

be made within 2 percent or 3 percent. For this work, the sig- 

nals are amplified and rectified, the rectified current being read 

on a direct current micro-ammeter. The transmitter makes а 

dash of several seconds! duration, and the direct current meter 
665 


deflection is noted. Then the transmitter is silent while a dash 
is made on the local oscillator and the mutual inductance adjusted 
to give the same deflection. This method is very accurate, since 
the deflection is proportional to the square of the antenna current, 
and a slight change in voltage makes a large change in deflection. 
If the transmitter is not co-operating, it is still possible to 
get a fair accuracy with the direct current meter, as the meter 
will indicate just half maximum deflection when the transmitter 
sends a series of dots, which oecurs whenever the tape on the 
automatic transmitter runs out. On high speed transmission, 
the deflection is also about half, but not so steady or precise as the 
dots, the latter being about as accurate as a dash. 
All of the measurements on local transmitters were made 
with co-operative dashes in the manner deseribed above. 


CALIBRATION. OF RECEIVING ANTENNA 


For measuring distant signals, it is usually desirable to work 
with antennas of fairly high effective height, as this allows 
the use of larger mutual inductances, larger thermo-ammeters, 
less possible error from stray fields, and so on. However, it 15 
necessary to calibrate the effective height of the vertical antenna. 
At Belmar an antenna about 30 meters (98 feet) high with a flat 
top 39 meters (98 feet) long was available. This antenna was 
compared with a large single turn loop, which gave an effective 
height of about 11.25 meters (37 feet) for the vertical antenna. 
As this seemed low, the authors built several other loops of 
various sizes, shapes, and number of turns. Hundreds of meas- 
urements were made comparing these loops with the vertical 
antenna, but the average result was 11.25 meters (37 feet) for 
the effective height of the vertical antenna. Correction formulas 
were also developed for loops of various shapes. 

The simplest form of loop is a single turn rectangular loop. 
It may be considered as two opposed vertical antennas equal 
to the height of the rectangle, and having a phase difference 
equal to the Jength of the loop, thus: 


. 7Û 
H=2hsin ` 
A 


=f f ` 
JI -2hsinz 
а NS ао) 


where А 2 the height of the loop in meters 
b=length of loop in meters 
f = frequency in kiloeyeles per second 
у = wave length in meters. 
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If the length of the loop is not over one-sixth of a wave length, 
the angle is small, so the angle is equal to the sine of the angle, 
and we have 


r hbf _ 2rhb 
H= 150000 9? #57) 
Since h X b — area of the loop, we can write. 
= NA, _ 27 МА 
Н= 150000 % "=, 


where N = number of turns 
A — area of loop. 

For a triangle loop, there is а correction factor to correct for 
progressive phase differences of the increments of voltage along 
the sloping sides of the loop. "This factor is given below. 

For triangular loops 
zNA b 


Н = 2 e ҮА, : 
` À nll _ 
81% (5) 


isin- (5) 
À 


may be neglected excepting for very large triangular loops. 

There were some interesting points found in checking up the 
effective height of loops. One large rectangular loop came out 
about 20 percent low, apparently because of shielding from the 
steel supporting tower. Another interesting observation was 
made on a 20-turn loop 30 ft. (9.2 m.) high by 80 ft. (24.4 m.) long. 
It was found that the effective height decreased with decrease 
in wave length, whereas it should increase with decrease in wave 
length. The observed effective height of this loop is plotted as 
curve A, in Figure 3, while the calculated effective height is shown 
as curve B. The station wave antenna ran within 15 feet (4.6 m.) 
of this loop and was found to be responsible for these peculiar 
results. Upon opening the wave antenna at a distance of 200 
meters (656 ft.) from the station, the measured values were found 
to be approximately the same as the calculated value, as shown 
by the points plotted on the curve B of Figure 3. 

From our many observations on the various loops, it is ap- 
parent that the simple calculation of the effective height of loops 
is substantially correct, but that care must be taken to avoid 
shielding, or coupling to other wire systems. 
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The correction factor 
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RESULTS OF MEASUREMENTS 


The results of the average of all measurements made on the 
local transmitters of the Radio Corporation are given in Table 1. 
In order to eliminate all error due to absorption, measurements 
should have been made closer to the stations. As the authors 
were not prepared to do this, the absorption was calculated by the 
Austin-Cohen formula. From an inspection of the table, it is 
evident that the error would not exceed 5 percent if the absorption 
were neglected, with the exception of Marion, where the calcu- 
lated absorption factor is 0.87. Marion is the only station 
which came much lower than the estimated effective height, and 
it is probable that, due to overland absorption, the received en- 
ergy is less than the calculated energy for oversea absorption, 
and therefore the effective height of Marion is nearer the es- 
timated value than the measured value. Both of the Tucker- 
ton stations appear to be estimated too low, while the other 
stations are nearly correct. 


TABLE 1 


Calcu- 
lated 
Dis- | Absorp- 
tion 
Factor- 
Oversea 


Location 


Radio Central.. 
Radio Central. . 
Tuckerton 
Tuckerton 

New Brunswick 
Marion 


Calculated Measured Calculated | Measured 
Microvolts | Microvolts Effective 
per Meter, | per Meter, Height, 

Belmar Belmar Meters 


* Doubtful because of overland attenuation. 


During March, measurements were started on distant signals, 
using the vertical antenna of 11.25 meters (37 feet) effective 
height. In the morning when static was light, it was possible 
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to use the meter deflection method for equalizing the distant 
and artificial signals. In the afternoon, it was necessary to use 
the “chip in" aural method, as the static made the deflection 
method unworkable. The results of these measurements are 
shown in Table 2. 

There are too few observations to draw any conclusions yet. 
The European signals seem abnormally high, but it is believed 
that the measurements are reasonably correct, since the same 
measuring outfit checks so closely on local signals. 

No static intensity measurements are included with these 
long distance measurements, but work is proceeding in that 
direction. One method used with considerable success in Brazil 
consisted in estimating the readability of the measured signal. 
When the static was stronger than the signal, the local oscillator 
was keyed and its intensity increased until it could be read at 
a speed of 20 words per minute. 

This measurement gave the microvolts per meter required 
to read 20 words per minute thru the noise due to the static, 
20 words per minute being considered the working speed for 
code with a ratio of static noise to signal of unity. The curve 
shown in Figure 4 gives the working speed in five letters words 
for code, plotted against ratio of static to signal. A ratio of 2.5 
gives а readibility of 9 words per minute, and anything below 
that is considered unreadable commercially. Nine words per 
minute is usually taken as 18 words per minute double sending. 
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FiGvRE 5—sShielded Oscillitor for Measurement at Signal Intensity (Top 
View, Open) 


higtre 6—Shiellded Oscillator for Measurement of Signal Intensity (Front 
View, Open) 
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CONCLUSION 


By the methods described above it has been found possible to 

(1) Calibrate the effective height of a receiving antenna 
by comparison with loops. 

(2 Measure the effective height of local transmitting 
antennas with an accuracy of about 3 percent. 

(3) Measure distant signals to within 25 percent with 
bad conditions, and closer during good conditions. 
When sufficient data has been collected on distant 
signals, it should be possible to determine accurately 
the absorption term for long wave lengths over great 
distances. 

May 22, 1923. 


SUMMARY: А method of measuring the strength of received signals is de- 
scribed, both as to theory and apparatus employed 


Digitized by Google 


STATIONARY WAVES ON FREE WIRES AND 
SOLENOIDS* 


Bv 
А. PRESS 


(CHEVY CHAsE, MARYLAND 


Disregarding radiation phenomena, which naturally affect 
our conceptions both of the capacity and inductivity coefficients, 
stationary wave phenomena require a solution of the equations: 

di | de. „Яе | di (1) 
*" dt dx’ * dt dz 

Taking the case of a free solenoid coupled to a driver circuit 
(see Figure 1), it follows that the self-induction coefficient (zero 
frequency) would be greatest per unit of length near the middle 
of the coil rather than toward the free ends. Similarly the elec- 
trostatic flux (zero frequency) should be greatest per volt near 
the coil center than with respect to the free ends of the coil. 


FIGURE 1 


As а consequence of the above zero frequency conditions, the 
variable coefficients L,, C, give rise to nodal and antinodal cut- 
rent and voltage conditions similar to what takes place in a 
power circuit treated after the manner of a system of parallel 
wires, with the one wire acting as current return for the other. 
In the ordinary power circuit we have L, and C, constants. 


* Received by the Editor, April 9, 1923. 
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However, for the coupling coil, or, free wire, with a nodal point 
of emf. always at the center, it is necessary to take L , and C, 
as functions of z, where the x is measured outwardly from the 
center. 

It will be observed that in the ordinary parallel wire circuit 
we always have that 


т а 
LC 
so that if L is calculated, the C follows immediately, by virtue of 
the above reciprocal theorem. In other words, the L and С vary 
inversely with respect to each other. Nevertheless, in the case 
of a free coil or wire, it is seen that L, and C, can vary propor- 
tionately to each other. This is an important distinction and 
gives rise to the result that the nodal distances fall off in value 
as the ends are approcahed. (See experiments of Professor 
Townsend.) 
On separating out the voltage and current functions in (2) 

we have 


c? 


(2) 


d* e 4/1 de di 
da tL a AE) drt Сан 


di d /1 di di 
L ban Жал Who SE Y xl. 
dot Ce ade) d L.C dt? 


If then the forced frequency of the sinusoidally sustained oscilla- 
tions corresponds to the formula 


(3) 


p-2«f (4) 
equations (3) are of the form 
d'e 1 d de LCp? I 
dg ф(х) da ®) | т (Ф Раа (5) 
provided we set 
L 
L = 
* (x) 
ë (6) 
Cum. 
(x) 


In equations (6), the quantities L and C are constants and ó (r) 
is any arbitrary function of x depending on physical conditions. 
The general solution of the equation (5) is of the form 
e= À. sin nf (x) + В. cos nf (x) (7) 
provided we satisfy the relations 
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IC z) = © (8) 


LC p2 = n° (9) 
The proof is as follows: With 
e= À . sin nf (х) + B cos nf (x) 


we have 
ET (A . cos nf (x) .f'z —B.sinnf(x) .f'z] (10) 
and therefore 
purae IM cos nf(z) B sin nf (x) | (11) 


Operating once more with d/d z it follows 
1 de d 1 de 


< ER ` asas: — 


fz ах? dzf'z ах 
=—n?{A.sinnf(z)+B.cosnf(xz)} .f’x 
=—n?.f'r.e (12) 
Thus multiplying thru with f'z the latter reduces to 


ef a nt ntl f'n)? ec 0 (13) 


According to equation (5), therefore, it is necessary that the 
following relations be satisfied: 


(= 
dz (14) 


The latter equations clearly Pon that we must have 


LC p2 = n° (15) 
April 6, 1923. 


SUMMARY: The production of stationary waves on systems having dis- 
tributed electrical constants is mathematically treated. 
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DIGESTS OF UNITED STATES PATENTS RELATING TO 
RADIO TELEGRAPHY AND TELEPHONY* 


ISSUED AUGUST 28, 1923—OcToBER 23, 1923 


By 
JOHN B. BRADY 


(PATENT LAWYER, OURAY BUILDING, WASHINGTON, D.C) 


1,465,546—H. P. Donle, filed February 11, 1921, issued August 
21, 1923. Assigned to Connecticut Telephone amd Tele- 
graph Company. 

INDUCTANCE constructed upon a flap form having tapered 
arms between which the consudetor is spirally wound. А zig- 
zag course is imparted to the conductor with sharp change in 
direction of the conductor as it bends over the edges of each arm 
adjacent the slots between the arms. 


1,456,932—E. Н. Colpitts, filed September 11, 1915, issued 
August 28, 1923. Assigned to Western Electric Company, 
Incorporated. 


MULTIPLEX RADIO TELEGRAPH SYSTEM, in which a plurality 
of messages are transmitted simultaneously from one or several 
stations and may be received simultaneously on one antenna or 
on a plurality of antennas located at the same place or at various 
places. At the transmitting station a plurality of different 
frequencies are radiated. At the receiving station the distinct 
frequencies are received. A local source of oscillations is pro- 
vided which reacts separately with each of the received fre- 
quencies producing differing beat frequencies, which are utilized 
in separate circuits for selectively receiving;the several messages. 


1,465,961—E. F. W. Alexanderson, filed April 19, 1916, issued 
August 28, 1923. Assigned to General Electric Company. 


RADIO SIGNALING SYSTEM for overcoming the effect of static 
disturbances in radio reception. The transsinitter is arranged 


* Received by the Editor, November 10, 1923. 
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to radiate the radio frequency signals simultaneously on two 
different wave lengths. At the receiving station both of these 
waves are simultaneously received. "The two sets of waves in- 
teract to produce a current having amplitude pulsations of a 
frequency equal to the difference between the two radio fre- 
quencies but above audibility. An oscillatory circuit is provided 
resonant to this last frequency in which the signal is detected and 
reproduced for translation. 


45 


NUMBER 1,465,961 —Radio, Signaling System 
680 


1,465,962—E. F. W. Alexanderson, filed April 19, 1916, issued 
August]28, 1923. Assigned to General Electric Company. 


NUMBER 1,465,962— Radio Signaling System 


RADIO SIGNALING SYSTEM for transmission of signals for re- 
ception free of the effect of static disturbances. The transmitter 
is provided with a source of sustained oscillations which is im- 
pressed on a divided antenna cireuit. А magnetic amplifier is 
connected in each branch circuit, each opposite to the other, and 
both modulated from a source of lower frequency in such man- 
ner that signaling wave of two frequencies are emitted from the 
antenna system upon closing the controller circuit. Опе fre- 
quency may be higher than the main source by an amount equal 
to the frequency of the lower frequency generator and the 
other transmitting frequency may be higher than the main 
frequency by an amount equal to the lower frequency gen- 
erator. 


1,465,997—H. C. Rentschler, filed February 27, 1919, issued 
August 28, 1923. Assigned to Westinghouse Lamp Com- 
pany. 

ELECTRON TUBE APPARATUS for receiving circuits. А tube 
is described having its container filled with à medium exhibiting 
the phenomenon of resonance, that is, a medium in which elec- 
tronic displacement occurs without the removal of an electron. 
The patentee points out that a particular gas or vapor has a cer- 
tain resonance potential, that is, potential thru which the col- 
liding electron must fall to acquire the necessary velocity to pro- 
duce electronic displacement in the atomic system. Argon gas 
and certain metal vapors are described as exhibiting this phe- 
nomenon. 


1,465,998—H. C. Rentschler, filed February 27, 1919, issued 
August 28, 1923. Assigned to Westinghouse Lamp Com- 
pany. 

DETECTOR TUBE, wherein the electrodes are contained in a 
medium exhibiting the phenomenon of resonance, that is, an 
atmosphere such as argon, with sources of potential so connected 
that the anode is maintained positive with respect to the cathode 
and the grid or screen is maintained positive with respect to the 
cathode and anode. "The potential on the grid is so adjusted that 
the plate current is at a maximum or minimum value because 
of the effect of electron reflection or secondary emission from 
the anode. The grid is connected in the receiving circuit so that 
the potential thereon is modulated with respect to the cathode. 


1,466,203. E. F. W. Alexanderson, filed April 10, 1922, issued 
August 28, 1923. Assigned to General Electric Company. 


RADIO FREQUENCY SIGNALING SYSTEM employing an electron 
tube generator which is capable of producing oscillations of both 
audio and radio frequency. The apparatus is adjusted and 
arranged in such а way that radio frequency oscillations will be 
produced only during a portion of each cycle of the audio fre- 
quency oscillations. By proper adjustment of the apparatus the 
radio frequency oscillations produced may be made of substan- 
tially constant amplitude during the period when they are being 
produced. Radio frequency oscillations produced by this ar- 
rangement have a high decrement. permitting more efficient sig- 
naling than in the case of modulated radio frequency oscillations. 


1,466,841—L. Levy, filed August 7, 1920, issued September 4, 
1923. 


ANTI-PARASITIC SELECTING SYSTEM for radio reception. The 
receiving system is provided with an artificial line tuned to the 
frequency of a long wave train vibrating in stationary waves. 
The circuit has a number of elements for causing a short wave 
train to give only a free wave. A pair of thermionic valves are 
arranged in series in reverse directions and connected in series 
in the artificial line at the nodes of the current and in shunt at 
the nodes of the stationary wave for suppressing undesired para- 
sitic currents from the receiving apparatus. 


1,467,154—J. H. Hammond, Jr., filed June 7, 1912, issued Sep- 
tember 4, 1923. 


SYSTEM OF RADIO DIRECTIVE CONTROL, wherein a body rota- 
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table about a predetermined axis carries a motor which is caused 
to revolve in either one direction or an opposite direction selec- 
tively depending upon the relative position of the transmitting 
station and the body to be controlled. 


1,467,318—W. J. Herdman, filed August 17, 1920, issued Sep- 
tember 11, 1923. 

ELECTRON DiscHARGE Device which does not employ a 
third electrode or grid interposed between the anode and cathode 
to achieve a modulation of the space or thermionic current. In 
lieu of grid control, the phenomonen of magnetostriction is utilized 
to effect a movement of the anode or plate with respect to the 
cathode or filament thereby to decrease or increase the distance 
between the filament and plate and likewise to decrease or in- 
crease the effective plate area to produce an extremely wide 
variation of the plate current. 


1,467,398—E. E. Schumacher, filed March 19, 1920, issued Sep- 
tember 11, 1923. Assigned to Western Electric Company, 
Incorporated. 


Process or CoariNa for a thermionic cathode of an electron 
tube. A base metal core is dipped in a molten bath of alkaline 
earth hydroxide. The core may be iron, tungsten, molybdenum, 
carbon and alloys of chromium or tantalum, which becomes ther- 
mionically active as a result of the coating derived from the bath 
and the aklaline earth hydroxide. 


1,467,776—P. E. Demmler, filed January 16, 1919, issued Sep- 
tember 11, 1923. Assigned to Westinghouse Electric and 
Manufacturing Company. 

CONDENSER AND METHOD OF MAKING THE SAME, in which a 
strip of metal foil is coated with varnish which is first dried and 
then the strip wound with an uncoated strip about a pair of plates 
of insulating material with the inner endsof the strips spaced from 
each other between the plates. One of the condenser strips is of 
different width then the other and they are substantially in- 
sulated from each other by the coating of hardened varnish which 
is supplied over the wider strip. 


1,467,777 —P. E. Demmler, filed February 15, 1919, issued Sep- 
tember 11, 1923. Assigned to the Westinghouse Electric 
and Manufacturing Companv. 
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CONDENSER AND METHOD oF MAKING THE SAME, in which the 
condenser is built up of a plurality of alternate strips of metal 
foil and strips of flexible self-sustaining sheets of hardened var- 
nish. The strips of metal foil are disposed in staggered relation 
so that the edges of alternate foil sheets project from the opposite 
sides of the completed unit, which is then embedded in wax. 


1,467,988—C. А. Hoxie, filed March 16, 1922, issued September 
11, 1928. Assigned to General Electric Company. 


š 
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NUMBER 1,167,985—HRadio Frequency Signaling System 


RADIO FREQUENCY SIGNALING SYSTEM for continuous wave 
operation. A receiver is employed which has a circuit containing 
a light sensitive device or devices which has the property of per- 
mitting current to flow therethru when an electrode thereof is 
subjected to the influence of light. A rotating shutter is pro- 
vided for varying or interrupting the illumination of this device 
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in such а way that the signaling current flowing in the circuit 
may be interrupted periodically in a predetermined desired man- 
ner and a rectifying effect may thereby be produced which will 
cause the current flowing in the circuit to be capable of operating 
a suitable form of indicator. 


1,468,049—А. H. Taylor, filed October 9, 1918, issued September 
18, 1923. Assigned to Radio Corporation of America. 
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NUMBER 1,468,049—System for Reeeiving Radio Signals 


SYSTEM FOR RECEIVING RADIO SIGNALS, in which a pair of 
opposed collectors of the incoming signal energy are employed 
with a circuit arranged between the collectors for balancing out 
strays. One collector may be in the form of a loop and the other 
an extended ground wire. One end of the loop may be connected 
with ground and the other end through a phase-adjusting device 
in circuit with a resistance with the opposite extended conductor. 
А high ohmic resistance is connected to ground and to the junc- 
tion of the extended conductor with the phase-adjusting circuit. 
The receiving apparatus is connected between the phase-adjust- 
ing circuit and ground. The collectors have an inherently dif- 
ferent signal—stray ratio enabling them to be balanced one 
against the other, eliminating the strays and retaining the 
signal. 


1,468,059—R. A. Weagant, filed February 7, 1919, issued Sep- 
tember 18, 1923. Assigned to Radio Corporation of America. 


METHOD AND APPARATUS FOR RADIO SIGNALING for elimin- 
ating static interference in radio reception. А pair of collecting 
systems is provided. One portion of the antenna system is so 
positioned with respect to the horizontal plane and relatively to 
the direction of the transmitting station as to collect substan- 
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tially static only, while both static and signals are collected in 
the other portion of the antenna svstem. The currents due to 
static in the two antenna portions are opposed and balanced 
out while retaining the signals. 


NUMBER 1,468,059 —Method and Apparatus for Radio Signaling 


1.468,060—R. A. Weagant, filed July 19, 1917, issued September 
JS. 1923. Assigned to Radio Corporation of America. 


ХМемньн L40608,060- -Process and Apparatus for Receiving Radio 
Signals 


PROCESS AND APPARATUS FOR RECEIVING RADIO SIGNALS, 
free from Interference due to strays. The receiving system has a 
plurality of antennas separated by an appreciable fraction of a 
wave length and conneeted to coupling coils which are arranged 
In non-inductive relation to each other. The receiving circuit 15 
connected to a third and independent coupling coil in inductive 
relation to both of the other coils. 


146S.061— R. A. Wengant, filed February 7, 1919, issued Sep- 
tember 18, 1923. Assigned to Radio Corporation of America. 
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NUMBER 1,468,061—Method and Apparatus for Radio Signaling 


METHOD AND APPARATUS FOR RADIO SIGNALING, for minimiz- 
ing the effects of static disturbances. A plurality of antennas 
are utilized. The system is tuned to the signal frequency and 
signal effects substantially eliminated while retaining the static. 
In another portion the signal effects and some static effects are re- 
ceived. The static effects in the first portion are then utilized 
to neutralize static effects in the second portion, leaving the signal 
effects which are amplified and observed. 


1, 468,062—R. A. Weagant, filed July 12, 1918, issued September 
18, 1923. Assigned to Radio Corporation of America. 


NUMBER 1,468,062— Radio Signaling Apparatus 


RADIO SIGNALING APPARATUS for reducing interference of 
static disturbances. A plurality of antennas are provided, tuned 
to the same wave length but having different ratios of static 
strength. А circuit common to the antenna systems is provided 
for balancing out the static while retaining the signal. 


1,468,116—I. Langmuir, filed December 10, 1914, issued Septem- 
ber 18, 1923. Assigned to General Electric Company. 


METHOD OF AND MEANS FOR AMPLIFYING POTENTIAL VARIA- 
TIONS Without responding to the effects of static. In the opera- 
tion of a receiving system arranged in accordance with this inven- 
tion all of the potential variations of the received waves of radiant 
energy on a strongly damped antenna may be amplified in their 
proper proportions. The amplified potential variations thus ob- 
tained may be impressed upon a current-limiting device which 
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will eliminate all of the current impulses above a predetermined 
value and in this way the effect of heavy static discharges may 
be avoided. After the large impulses have thus been removed, 
suitable tuning apparatus may be employed to select the im- 
pulses of the frequency sent by the station from which it is de- 
sired to receive. 


ч a 
NUMBER 1,468,116—Method of and Means for Amplifying Poten- 
tial Variations 


1,468,250—S. O. E. T. Trost, filed June 21, 1921, issued Septem- 
ber 18, 1923. Assigned to Radio Corporation of America. 


TRANSMITTER FOR RADIO TELEPHONY, in which two or more 
sets of oscillations are set up in different circuits which normally 
tend to neutralize each other. A microphone is arranged in one 
of the circuits for varying the relative phases of the oscillations 
for the production of the signals which are radiated from an 
antenna system. 


1,468,653—C. D. Tuska, filed July 30, 1923, issued September 
25, 1923. | 


CONDENSER of inexpensive construction comprising a fixed 
plate and a rotatable plate. Each plate is constructed of a thin 
metallic semi-circular foil sheet interposed between a pair of 
flexible circular sheets which may be paper stock. One of the 
disks is rotatable with respect to the other for varying the mutual 
position of the semi-circular foil sheets. 


1,469,075—H. E. Dunham, filed March 23, 1921, issued Septem- 
ber 25, 1923. Assigned to General Electric Company. 
ELECTRON DiscHARGE APPARATUS for receiving continuous 
wave signals. Ап electron tube circuit is shown having a tuned 
circuit between the cathode and controlling grid. Oscillations 
are produced which automatically cause the grid to vary in poten- 
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tial periodically at the frequency of the oscillations produced. А 
constant positive potential is impressed upon anode 3, and a 
smaller positive potential on third electrode 4. Secondary elec- 
trons are emitted from third electrode 4 which are attracted to 
anode 3. The normal operating potential of the third electrode 
4 is such that an increase thereof will cause a decrease in the num- 
ber of secondary electrons which will be given off from the third 
electrode. 


Mate Current 


Plate Voltage 


i. l. 


NUMBER 1,469,075—Electron Discharge Apparatus 


ue 


1,469,328— E. Mayer, et al, filed August 3, 1922, issued October 
2, 1923. Assigned to Gesellschaft für drahtlose Telegraphie 
m.b.H., Hallesches of Berlin, Germany. 


CIRCUIT ARRANGEMENT FOR RECEIVING RADIO ENERGY in 
which an electron tube is connected with both the primary cir- 
cuit and the secondary circuit. Either tube may generate oscil- 
lations and serve as a detector, and in determining the proper 
wave length either tube circuit may be used. When the proper 
wave length is chosen, the tube circuit connected with the second- 
ary тау be used for reception while the tube circuit associated 
with the primary is used as an oscillator for reducing the appar- 
ent resistance of the primary circuit for the frequency being re- 
ceived, thereby reducing the damping of the received energy. 


1,469,349—A. L. Wilson, filed April 1, 1921, issued October 2, 
1923. Assigned to Westinghouse Electric and Manufactur- 
ing Company 

RADIO CONTROL SYSTEM for operating an electromagnetic 
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switch or a relay froin a distant point. The transmitter is ar- 
ranged to effect the radiation of a plurality of groups of waves 
having different wave lengths, each group of which is modulated 
in а predetermined series of impulses. "The receiving system 1s 
provided with a rotary switch for varying the tuning to permit 
the reception of the different groups of waves which operated 
upon the receiver for selectively closing a circuit. 


1,469,561—M. R. Hutchinson, filed January 21, 1920, issued 
October 2, 1923. 


SIGNAL RECORDING AND TRANSCRIBING METHOD AND AP- 
PARATUS in which the signals are transmitted at a high rate of 
speed at a low tone frequency of the order of 320. At the re- 
ceiver the signals produce a note at least three times as high as 
is required for phonographic reproduction. The signals are then 
recorded on a phonograph and then transcribed at a speed ap- 
proximately one-third the recording speed. The object of the 
invention is to provide a method of transmitting signals at high 
speed for reception on a phonograph and transcription at a slow 
speed. The patentee points out that ordinarily the slowing down 
of the phonograph for transcription so lowers the tone frequency 
that it becomes confused with the normal scratching of the 
phonograph. 


1,469,889— E. L. Chaffee, filed April 25, 1918, issued October 9. 
1923. Assigned to John Hays Hammond, Jr. 


NUMBER 1,469,889—Receiving System for Radiant Energy 


RECEIVING SYSTEM FOR RADIANT ENERGY, adapted to receive 
waves of radio frequency having impressed thereon a series of 
periodic variations of a different frequency or a plurality of series 
of periodic variations of frequencies different from each other and 


690 


from the radio frequency for improving the selectivity of recep- 
tion. The selectivity is secured in the receiving circuit by means 
of an initial circuit responsive to the working predetermined fre- 
quency, a modulator for developing therefrom a secondary fre- 
quency with a local generator having a frequency differing from 
the secondary frequency arranged to produce beats which oper- 
ate the responsive device. 


1,469,905—R. E. Hall, filed August 13, 1919, issued October 9, 
1923. Assigned to Hall Research. Corporation. 
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NUMBER 1,469,905—Cireuit Controlling Means 


CIRCUIT CONTROLLING MEANS for a radio transmitter. The 
transmission of signals takes place automatically from a per- 
forated dot and dash tape which passes adjacent a compressed 
alt Jet opposite a heating coil. The spaces in the tape enable the 
jet to act upon the coil to cool the coil, whieh decreases its re- 
sistance momentarily. The coil is arranged in a cireuit to modu- 
late the transmitter for emitting wave trains in accordance with 
the cooling of the coil. 


1.470,088—F. Lowenstein, filed November 29, 1918, issued 

October 9. 1923. Assigned to William Рег. of New 

New York. 

ART OF COMMUNICATION utilizing audio frequencies as dis- 
tinguished from radio frequencies for transmission of signals. 
А multiple frequency generator of any one of several fre- 
quencies below 10,000. cycles is provided at the transmitter 


001 
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in combination with a switching arrangement for selectively 
energizing the primary of a step-up transformer. "The secondary 
of the transformer is sharply tuned and delivers audio frequency 
energy to the antenna system for transmission. 


1,470,781—P. Thomas, filed October 3, 1917, issued October 16, 
1923. Assigned to the Westinghouse Electric and Manu- 
facturing Company. 

ROLLED CONDENSER in which the condenser structure is built 
up with a plurality of leads for each pole of the condenser and 
the structure impregnated and then all of the similar leads com- 
prising each pole spot welded firmly, connecting the condenser 
plates of similar polarity. 


1,470,955—W. E. Booth, filed November 22, 1919, issued October 
16, 1928. Assigned to Western Electric Company, Incor- 
porated. 

ELECTRICAL WAVE TRANSMISSION SYSTEM for transmitting 
and receiving, wherein a signle switching element is used in the 
antenna circuit for changing from transmission go reception. 
The apparatus comprising both the transmitter and the receiver 
is compactly arranged. "The direct current used in the micro- 
phone circuit is obtained from the same electrical source which is 
used for one or more other purposes in the system. During 
transmission one of the receiver amplifying tubes is connected in 
the microphone circuit. 


1,471,165—L. L. Israel (now by judicial change of name L. L. 
Jones), filed July 19, 1920, issued October 16, 1923. 


RADIO RECEPTION in which desired signals are received to 
the exclusion of disturbances of all kinds resulting from waves 
or pulses of relatively high damping or from waves differing in 
frequency from the signal waves. Two antennas having low 
damping and approximately the same electrical characteristics 
are employed. The antennas are set in close proximity to re- 
ceive in the same direction. Electroststic shields are provided 
to eliminate transfer of energy between the antennas. One 
antenna is tuned to the signal wave and the other slightly de- 
tuned therefrom. “The currents generated in the antennas are 
rectified and the opposing forees combined, operating an indicator 
by the resultant force. 
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NUMBER 1,471,165—Radio Reception 


1,471,319—H. Pratt and E. B. Murphy, filed January 3, 1921, 


issued October 16, 1923. Assigned to A. Taylor, of San 
Francisco, California. 


NuMBER 1,471,319—Radio Telegraphy Signaling System 


RADIO TELEGRAPHY SIGNALING SYSTEM, using the arc gen- 
erator as a source of sustained oscillations at the transmitter. 
The antenna circuit is arranged to be modulated at an audio fre- 
quency, thereby breaking up the continuous wave into time- 
spaced groups at such a frequency that the group frequency is 
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within the range of audibility. An energy-consuming circuit is 
alternately inserted and withdrawn in the arc oscillatory circuit 
at an audio rate whereby the arc is extinguished and re-ignited 
at this rate. 


1,471,342—L. Logan, filed April 30, 1920, issued October 23, 
1923. 


MEANS FOR CONTROLLING PROCESSES OF PRODUCTION by 
radiant energy. The invention refers to a variety of production 
processes wherein an inanimate material during its process of 
manufacture undergoes some change which may be brought about 
by radiant energy control. The patentee mentions the manufac- 
ture of sulphuric acid and the application of radiant energy con- 
trol means for indicating existence of constituents or progress of 
said manufacture. 


1,471,406—F. S. McCullough, filed July 25, 1919, issued October 
23, 1923. Assigned to Glenn L. Martin, Cleveland, Ohio. 


RADIO TELEGRAPHY receiving system wherein the direction 
of a transmitting station is determined by a visual indication of 
the strength of the received signals. The system is particularly 
described as applied to a direction finder on air craft where the 
audible method of determining direction by radio bearings is sub- 
Ject to interference from machine noises. The directional an- 
tennas used in the system are encased in evacuated tubes. 


1,471,418—J. F. Rodgers, filed May 26, 1922, issued October 23, 
1923. Assigned one-half to Charles Hanselmann, Brooklyn, 
New York. 


TUNING TRANSFORMER utilizing a pair of slides along a greater 
and a smaller coil provided with a slide with connections for plac- 
ing an accurate number of turns of the coil in the tuning circuit. 


1,471,756—W. B. Schulte, filed October 17, 1919, issued October 
23, 1923. Assigned to Burgess Battery Company, Wiscon- 
sin. 

WAVE SIGNALING SYSTEM utilizing а “B” battery construc- 
tion for the electron tube circuit in which the battery comprises 
a case, a nest fitted therein, а set of vertical cells arranged in the 
nest and spaced at their lower ends from the bottom of the case 
a water-repellant wrapper completely encasing each cell, and a 
seal anchoring the cells in said nest and the wrappers to said cells. 
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List or RADIO TRADE MARKS PUBLISHED By PATENT OFFICE 
PRIOR TO REGISTRATION 


(The numbers given are serial numbers of pending applications) 


164,075—“‘RapDIocEIVE” for telephone head sets, Radioceive 
Mfg. Co., Newark, New Jersey. Claims use since April 1, 
1922. Published September 4, 1923. 


169,814—Musical design for radio apparatus; Walter Lytton, 
Inc., Chicago, Illinois. Claims use since about January, 
1922. Published September 4, 1923. 


175,712—Letter “C” in ornamental design, for radio receiving 
sets; Continental Radio and Electric Corporation, New 
York City. Claims use since. August 1, 1922. Published 
September 4, 1923. 


178,612—“Tue Jirry Ciips’’—electrical connector clips for radio 
use; Herbert M. Hill, Leonia, New Jersey. Claims use since 
оп ог about December, 1922. Published September 4, 1923. 


180,953—''N A-ALD"' for radio apparatus; Alden Mfg. Co., Spring- 
field. Massachusetts. Claims use since April 1, 1923. Pub- 
lished September 4, 1923. 


173,721—''REFLEX" for radio apparatus; Wm. H. Priess, New 
York City. Claims use since April 18, 1922. Published 
September 18, 1923. 


163,608—“ AIR име B-R” in ornamental design for adapters for 
connecting a receiver with a phonograph amplifying cham- 
ber. The Beckley-Ralston Co., Chieago, Illinois. Claims 
use since April 10, 1922. Published October 9, 1923. 


176,792—“‘TEsco” in ornamental design for radio receiving ap- 
paratus. The Eastern Specialty Company,Philadelphia, 
Pennsylvania. Claims use since January 2, 1922. Pub- 
lished October 9, 1923. 


179,091—''VaRIoHM" in ornamental design for rheostats and grid 
leaks. Electrad Corporation of America, New York City. 
Claims use since Fenruary 1, 1923. Published October 9 
1923. 


179,364—“‘ACMEDYNE” for radio receiving sets. Danziger-Jones, 
New York City. Claims use since April 9, 1923. Published 
October 9, 1923. 
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180,705—“K” in ornamental coat of arms for radio receiving 
apparatus. Colin B. Kennedy Co., St. Louis, Missouri. 
Claims use since April 1, 1923. Published October 9, 1923. 


181,000—‘‘AERADIO” in ornamental design for radio receiving 
apparatus. Charles A. Brichfield, New York City. Claims 
use since April 1, 1922. Published October 9, 1923. 


182,271—''MoNoTnor" for radio receiving apparatus. Sleeper 
Radio Corporation, New York City Claims use since April 
23, 1923. Published October 9, 1923. 


182,606—“PIONEER RADIO CORPORATION” in ornamental design 
for variometers and variocouplers. Pioneer Radio Corpora- 
tion, Galesburg, Illinois. Claims use since April, 1022. 
Published October 9, 1923. 


183,162—''HEcEHoG"" for audio frequency transformers. Pre- 
mier Electric Company, Chicago, Illinois. Claims use since 
Mav 1, 1923. Published October 9, 1923. 


151,150—“Esco” in ornamental design for radio apparatus. 
Electrical Specialty Co., Columbus, Ohio. Claims use since 
March 1, 1920. Published October 23, 1923. 


179,466—''ANc-uon-ITE" for crystal detectors. The Anchor 
Company, Pittsburgh, Pennsylvania. Claims use since 
March 15, 1923. Published October 23, 1923. 


181,439—''ERMco Litre” in ornamental design for radio appara- 
tus. Electric Regulator Mfg. Corporation, New York City. 
Claims use since April 21, 1923. Published October 23, 1923. 


181,572—“‘ Music MASTER" in ornamental design for loud speak- 
ers. Sheip and Vandergrift, Ine., Philadelphia, Pennsyl- 
vania. Claims use since November 9, 1922. Published 
October 23, 1923. 


182,353—“LITTLE TATTLER” for headsets. Marinette Electric 
Corporation, Marinette, Wisconsin. Claims use since May 
1, 1923. Published October 23, 1923. 


166,344—“BaLpwin” in ornamental design for radio apparatus; 
Baldwin Radio Electrical Mfg. Co., Ine., Brooklyn, N. Y. 
Claims use since March 28, 1922. Published October 30, 
1923. 


175.226—''Vanto- WAvE" for variocouplers and variometers. 
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G. Н. Fischer & Co., Glendale, Long Island, New York. 
Clauns use since August, 1922. Published October 30, 
1923. Not subject to opposition. 


175,332—' 'CoNcERT GRAND” in ornamental design for radio 
receiving apparatus. True-tone Radio Mfg. Co., Chicago, 
IHinois. Claims use since February 28, 1922. Published 
October 30, 1923. Not subject to opposition. 


181,254—Circular spot of red for plugs for use with radio ap- 
paratus. Dubilier Condenser and Radio Corporation, New 
York City. Claims use since April 26, 1922. Published 
October 30, 1923. 


176,887 —'"TEsco" for radio apparatus. The Eastern Specialty 
Company, Philadelphia, Pennsylvania. Claims use since 
September 17, 1915. Published October 30, 1923. 
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*Receiver, IP 500" 
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Qu IP 500 Receiver is a highly selective 2- 


circuit regenerative receiver having а wave 
length range of 150 to 6,800 meters. Load coils 
are provided Íor increasing this wave length 
range to 20,000 meters. The equipment is very 
beautifully finished with polished bakelite dilecto 
panel and oak cabinet, and represents the highest 
tvpe of workmanship in radio receiver construction. 


We have a limited number of these receivers 
available for immediate shipment complete with 


load coils, $385.00, f.o.b. Boston. 


АП sales 1 inquiries regarding the Wireless Specialty Ap- 
paratus Company's Marine Type Direction Finder should 
be addressed to the Radio Corporation of America, 233 
Broadway, New York City. 


Wireless Specialty Apparatus Company 


BOSTON, MASS. 
Established 1907 
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Send for These 
Bulletins 


Every person interested 
in Radio should have 
these. 


No. K-10. 31," ammeters, milli-am- 
meters, voltmeters, milli-voltmeters 
and thermal ammeters for all receiv- 
ing and transmitting sets. 
No. K-20. Telephone receivers and 
Loud Speakers. 
No. K-810. Medium and large size ammeters, milli-ammeters, volt- 
meters, milli-voltmeters and current squared meters for all receiving and 
transmitting sets. 

Distributors, write for attractive proposition 
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As specialists in the de- 
sien. and construction 

Transformers we are 
prepared to quote prices 
and delivery on Trans- 
formers singly or in 
quantity. 


Our Radio Transformers 
are well known for their 
high efficiency апа rug- 
gedness. 


ACME APPARATUS COMPANY 


200 MASSACHUSETTS AVENUE 
CAMBRIDGE 39, MASS. 


TRANSFORMER AND RADIO ENGINEERS AND MANUFACTURERS 


HERBERT Н. FROST, Inc. 


Radio Engineers Approve 
Frost Precision and Quality 


For many years the name Frost has been favorably 
identified with radio. Efficient engineering methods 
and a system of rigid inspection, insure the quality 
|. you insistently demand. 


Herbert H. Frost, Inc., 1s one of the world's largest 
producers of head-fones, plugs. jacks and other 
equipment. This tremendous volume makes possible 
our moderate prices, combined with an unlimited 
quality guarantee. Ask your radio dealer or jobber. 


HERBERT H. FROST, Inc. 
154 West Lake Street CHICAGO 


E — fad 
No. 400—Frost Radio No. 137—Frost Radio No. 138—Frost Radio 
Receiving Transformer. Cord Тїр Piug. Multi-Phone Plug. 


HI 


PACENT 
AUDIOFORMER 


Compact—convenient for mounting—es- 
pecially designed for radiophone recep- 
tion. Amplifies all audio frequencies with- | 
out distortion. Not a “one-frequency” ” 


transformer. 
No. 25 Type Equipped 


us udo щш For use with all tubes-- 
Ideal in 13 volt circuits 
Specify Pacent Radio Essentials 


Don't Improvise-- '"PACENTIZE'' 


Send for Bulletins D2 
PACENT ELECTRIC COMPANY, Inc. 


| 
| 
Louis Gerard Pacent, President 
22 Park Place (Tel. Barclay 9670; New York | 


No. 254 Unmounted Chicago : | St. Louis 
Type Equipped with San Francisco Washington,D.C. 
Leads for Soldering Philadelphia Minneapolis | 


Price $4.00 


NEW! 
The Red Seal 
Radio Sparker 


for operating WD-11 Tubes 
A Special Dry Battery that lasts nearly 3 times longer 


Designed for operating the WD-11 dry battery tubes. 
Composed of special cells for radio work. ill give 
longer service and better satisfaction operating WD-11 
vacuum tubes than a single dry cell. For instance, a two cell Radio Sparker 
operating one WD-11 tube will last, not twice but nearly three times as long 
as a single cell. 

The Red Seal Radio Sparker is a light weight, complete unit.. The internal 
connections between cells are soldered, thus increasing their efficiency. 

The Radio Sparker is distinguished by a new label of striking design and 
brilliant color. The reverse side of this label contains simple diagrams and 
instructions showing the proper method of connecting to receiving sets. 
The “Red Seal-M" identifies the genuine Manhattan products. Look for it 
when buying. It is your guarantee of Manhattan quality. 


NEW YORK CHICAGO 
114 Se. Wells St. 


tow 3 MANHATTAN sse 
Hee Fee ELECTRICAL SUPPLY СО. INC. e 


Makers of the famous Red Seal Dry Batteries, Radio Sparkers and Мапһи an Radio Products 
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AU ! Licensed under Armstrong 
3149 


it “T US, Pat, No. 1113 


(Models 400-401-425) 


Under letters patent No. 1, 407, 147. grant- 
ed Feb. 21, 1922, are the original Thermo- 
Ammeters, which are the accepted instru- 
ments for the accurate measurement of all 
ranges of radio frequency current. These 
Thermo-Ammeters are free from the serious 
and objectionable characteristics possessed 
by hot-wire instruments, thus their indica- 
tions are cf known accuracy. 


Model 425 
THERMO-AMMETER Complete information sent on request 
31-27 diameter 


WESTON ELECTRICAL INSTRUMENT CO. 
73 Weston Avenue - - Newark, N. J. 
Makers of NN Instruments UN 1888 
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AUDIBILITY AMPLIFICATION 
wirn ONE AMERTRAN TYPE AF-6 
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Main Factory of the American Radio and Research Corporation, Medford Hillside, 

Mass. Home of Amrad Radio. Showing at extreme right Rescarch and Engineering 

Laboratories and Broadcasting Station WGI, the Pioneer Radiophone for Broadcasting 
to the Layman Public. 


Reliable Radio Products 


This Corporation has already manufactured for the U. S. Govern- 
ment alone over three-quarters of a million dollars’ worth of Radio 
Equipment during the late War—winning an enviable reputation 
for precise production methods and quality workmanship. This 
same exactness of manufacture, preceded by organized research 
and planned engineering, is now employed in the building of 
Amrad Radio Products for the use of the Layman Public. 


Among the contributions of this Corporation to the Radio Art 1s 


its development of a Vacuum Tube without a Filament—the 
AMRAD “S” TUBE. 


AMERICAN [RADIO AND RESEARCH CORPORATION 


MEDFORD HILLSIDE, MASS. 
New York (4 Miles North of Boston) Chicago 
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This symbol of quality 


rofection 


is your f 


Radiotrons 


Developed and standardized by research, 
used in practically every receiver of the 
vacuum-tube type for reception and ampli- 
fication, Radiotrons have become the very 
heart of radio. 


The mark RCA on every Radiotron in- 
sures durability and uniformity of perform- 
ance. When better vacuum tubes can be 
made, RCA will make them. Beware of 


Imitations. 
Ask your Dealer for Radiotrons 


Rodi o9, Corporation 
wa 


Sales Ofhce: District Offices: 


233 Broadway 10 South LaSalle Street, Chicago, Ill. 
New York, N. Y. 433 California Street, San Francisco, Cal. 
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RADION— 


The Supreme Insulation 


Radion is a special quality of hard rubber developed 
exclusively for radio use. It possesses certain mechanical, 
electrical and other physical advantages which distinguish 
it as superior to other mouldable materials, of whatever 
nature, offered for use in the radio industry for panels or 
moulded parts. Exhaustive tests made at the Electrical 
Testing Laboratories (New York), than whom there is no 
more capable or unbiased authority, in competition with 
twelve other standard materials offered, have established 
the fact that— 

Radion has the lowest phase angle difference (0.5) for 
frequencies from approximately 129 to 694 kilocycles per 
second, wave lengths from 434 to 2,600 meters, and a corre- 
sponding dielectric constant, 3.9. Resistivity 1.0х10°. 

Mechanically, Radion is equally advantageous in radio 
work. It cuts and drills easily and cleanly without danger 
of fracture or chipping. It resists warping at normal tem- 
peratures, is absolutely impervious to atmospheric condi- 
tions, waterproof, alkali-proof, and unaffected in contact 
with almost all acids. Radion takes a high mirror-like 
gloss finish which adds materially to the appearance of any 
apparatus on which it is used. 

Radion sheets are made in a range of standard sizes, 
while special sizes are supplied on quantity orders. There 
are two standard thicknesses, 3-16 and 1-4 inch, and three 
stock colors—black, brown and mahoganite (mahogany 
grain). 

Radion standard moulded parts include Dials, Knobs, 
V-T Sockets, Variometer Tubes and Rotors, Aerial Insu- 
lators. Special moulded parts are made to order for manu- 
facturers, as Phone Ear Caps and Cases, Condenser Sides, 
Bases, Antenna Plug Parts, Buttons, Switch Handles, etc. 

Radion Panels and Parts are now standard equipment 
with many manufacturers of sets, and are preferred by 
those who construct their own apparatus. 


Write for Radion catalog 


American Hard Rubber Company 
11 MERCER STREET, NEW YORK, N. Y. 
CONWA Y BUILDING, CHICAGO, LLINOIS 
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WAVE METER 


Type 174-B 


DIRECT READING 
WAVE METER 


RANGE 150-3000 METERS 


Price $68.00 


The Type 174 Wavemeter is designed for general use in com- 
mercial and experimental stations. Its equipment is such that it 
is adapted for use with receiving and transmitting apparatus 
employing either damped or undamped waves. It is self-con- 
tained and direct reading, features which make the instrument 
particularly valuable for commercial work. 

A hot wire galvanometer is used for indicating resonance of 
transmitted signals, while for received signals a crystal detector 
and binding posts for telephones are provided. For producing 
damped oscillations of known wavelengths, the wavemeter is 
equipped with a high frequency buzzer. 

The oscillating circuit consists of three coils with a selector 
switch and a variable air condenser. This combination gives a 
wavelength range of 130-3000 meters. 

Particular care has been given to the mechanical construction 
and to the appearance of this instrument. All of the equipment 
is mounted on a bakelite panel and enclosed in a polished walnut 
carrying case. The metal parts are finished in polished nickel. 


Send for Bulletin R 


GENERAL RADIO CO. 


Manufacturers of 
Radio and Electrical Laboratory 
Apparatus 


Massachusetts Avenue and Windsor St. 


CAMBRIDGE MASSACHUSETTS 


Do not confuse the products of the General Radio Co. with those of other con- 
cerns using the words "General Radio." The General Radio Co. has been manu- 
facturing radio and scientific instruments for many years. İt has no affiliation with 
any other company. 


Standardized on General Radio Equipment Throughout 


М the laboratory of Reginald Fessenden, the famous 
А engineer, Brandes Matched Tone Headsets were de- 
a signed primarily to meet the exacting requirements of 
d radio engineers. 

The great popularity of Brandes Matched Tone Head- 
sets among amateurs and the public generally has never 
caused Brandes to disregard their primary purpose. 

The super-sensitiveness and the Matched Tone perfec- 
tion make them essential to every radio engineer. There 
are two types, the Superior, with impedance of approxi- 
mately 20,000 ohms at 800 cycles, and the Navy, with 
impedance of approximately 25,000 ohms at 800 cycles. 
District Offices: 


76 Pearl Street, Boston, Mass. 33 South Clinton St., Chicago, Ill. 
709 Mission Street, San Francisco, 1220 Nicollet Avenue, Minneapolis, 
Cal. Minn. 


m 704 Granite Bldg., Pittsburgh, Pa. 
Munsey Bldg. Washington, D.C. 1028 Fourth Avenue, Huntington, 
802 Fcrsyth Bldg., Atlanta, Ga. W.Va. 

Distributors in Australia and New Zealand: 

International Electric Co., Wellington, N. 7. 

Made $n Canada and England by 
Canadian Brandes, Limited, Toronto and London . 
Distributed in Canada by Perkins Electric, Limited 
Toronto — MONTREAL — Winnipeg 


C.Brandes,wc.-237 Lafayette St, N.Y. 
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TRADE MARK REG. V.S. PAT. OFF. 


Radio Headsets 


RESULT OF 15 YEARS’ EXPERIENCE 


BURGESS 


RADIO BATTERIES 


--Designed by wireless specialists 


Burgess radio batteries arejdesigned, made and 
sold by radio engineers. | Burgess didn't rush 
into the field with теге1у, а" collection of flash- 
light cells. Bur£ess experimented and perfected 
the most efficient B” battery Icng before the 
present pcpularity of radio began. 

Leading Manufacturers specify and progressive 
jobbers handle Burgess radio batteries. 


Burgess Battery Company 
DRY BATTERIES 
Engineers- Manufacturers 


l Ç I ы v» «dit APP: i 
( VURE go, Ill; St Paul 


Orle Ans, a In Canada 
BURGESS BATTERIES, Ltd“ 
Winnipeg, Teronto, 


M ti fT il 
“ASK ANY RADIO ENGINEER 


VACUUM! 
LicHTNING ARRESTER 


rac. s=FB For 16 Years a Lead- 
> er in the Field of 
ا‎ Protective Apparatus 


L. S. ВВАСН MFG. СО. NEWARK. 
DUDL MAGNET WIRE 
and WINDINGS 


have been developed especially to meet the exacting requirements 
of radio apparatus construction. With our large, modern plant 
and large force of workers skilled in the handling of fine wire, 
we are able to give you tke utmost satisfaction in taking care of 
your wire and coil requirements. 

WRITE TODAY FOR PRICES AND SAMPLES 


DUDLO MANUFACTURING CO., FORT WAYNE, IND. 


Pacific Coast Representative 
А. S. Lindstrom, 111 New Montgomery St., San Francisco, Cal. 


MURDOCK 


REAL 
` RADIO RECEIVERS | 


Have Been Standard 
Since 1904 


TYPE No. 56 
2000 — OHM — sšQs¿$ So 
3000 — OHM — го 


BUY TIIEM FROM 
YOUR DEALER 


WM. J. MURDOCK CO. 


CHELSEA, MASS. 
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NOVO 


BATTERIES 
FOR RADIO 


225-45 & 105 VOLTS 
` e 4 £. ; 

ET uw bh | Жыз 
اس‎ k wa j ۳ <3 N 


SS RN 
~. 


N O IS EL ES 
DEPENDABLE 
GUARANTEED 


ASK YOUR DEALER 
NOVO MANUFACTURING CO. 
W. 33% ST. 


424-438 . 33 "d 
NEW WORK 
53| SO DEARBORN ST. CHICAGO. 


Bound volumes of the 1922 
I. К. E. PRocEEDINGs are 
now available as follows: 


Bound in blue buckram 
To members ...... $8.75 
To otbers.......... $11.00 
Bound in brown half-mo- 
rocco 


To members..,....$10.25 
To others.......... $12.50 


Orders with remittance 
should be sent to the Sec- 
retary, The Institute of 
Radio Engineers, 140th 
Street and Convent Ave. 


New York, N. Y. 


Available Once More! 
De Forest Vernier Variables 


These condensers are perfection. Movable 
plates are heavier than those found in any other 
condenser on the market. Heavy, adjustable, 
lock-nut bearings that cannot stick. А single, 
separately controlled vernier plate permits you 
to “get on the peak" and have 20% louder 
signals. Accurately made, securely fastened 
counterweight balances movable plates and per- 
mits operation in any position—vertical, hori- 
zontal or at any angle. Supplied with the 
Bakelite knob and white dial that made MR-6 
distinctive and which are found on all precision, 
laboratory equipment. 

Due to the popularity of, and heavy demand 
for, our Mr-6 Receivers, all the CV-1003 and 
CV-1503 condensers that we could build have 
gone into these sets. Consequently these un- 
equalled instruments have not been on the mar- 


ket for some months. Increased production now 
enables us to supply distributors and dealers 
with a fair supply. There is nothing like these 
condensers on the market—use them in that 
100% efficient set you contemplate building. 
Built of finest obtainable materials, carefully 
adjusted and individually tested at 500 volts, 
they are the condensers you would order if you 
had some made to order, 

CV-1503 has a maximum capacity of .0015 
míds. and is designed for use in the primary 
circuit, either in series or shunt with inductance. 
CV-1003' has maximum capacity of .001 míds., 
which is correct for the secondary circuit in 
shunt to inductance. Used with DeForest 
Honeycomb Duo-lateral Coils they provide tuning 
equipment unsurpassed for selectivity, sharpness 
and all-round efficiency. 


DE FOREST RADIO TEL. & TEL. CO. 
JERSEY, CITY, N. J. 


0506250505052505252525052525252505д5ә52$25д5д5д52$25д6д6д5252626д5252525д55252525д52525а5г5г5 


99 
ros “COPPERWELD” > 


TRADE MAAK REG. U S PAL OFE- 
(Made by the Molten Welding Process) 


ADOPTED AND USED BY THE LARGEST 
RADIO COMPANIES IN THE WORLD 


For aerials, Copperweld has advantages over 
solid copper or bronze 


Radio frequency currents, because of ‘skin effect," flow along the exterior 
of wires. The smooth exterior thickness of copper on Copperweld Wire gives it 
practically the same high electrical conductivity as a solid copper wire (see Let- 
ter Circular No. 62, U. S. Bureau of Standards). 


Greater strength is given by its steel core. No. 14 Copperweld Antenna 
Wire has 50% greater strength than No. 14 hard-drawn copper or 7-No. 22 
stranded copper wires. It stays up under severe loads when copper and stranded 
copper wires sag and break. 

For ANTENNA, No. 14 Bare Copperweld Antenna Wire 

For LEAD.-IN, No. 17 Rubber Insulated Copperweld Wire 

For GROUND Wire, same as Lead-In Wire 

For GROUNDING to earth, Copperweld Ground Rods, 4” diam. 


Larger sizes for commercial stations 
Copper Clad Steel Company 
New York Chicago 
= Mills and Main Office, Braddock P. O., Rankin, Pa. 
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Electrical Testing Laboratories de- 
sires to announce that it is in a posi- 
tion to test radio receiving equipment. 


Its broad experience gained through 
testing the wide range of electrical 
apparatus is brought to bear on this 
work. 


Tests are now in progress and the 


testing service is available to all. 


The Electrical Testing Laboratories 
specifications are checked by the 
Bureau of Standards. 


ELECTRICAL TESTING 
LABORATORIES 


80th St. and East End Ave., New York 


Dubilier Condensers 
for all radio purposes 


UBILIER mica condensers have been adopted by 

the principal governments of the world and by 

the leading commercial radio companies. Whether 
they are designed for transmitting or receiving they 
are always distinguished by their constant capacity. 


TRANSMITTING CONDENSERS 


Dubilier transmitting condensers are free from 
brush discharges and are so carefully made and 
tested that they have been accepted as the standard 
by the principal broadcasting stations, the Armv 
and Navy, the manufacturers of ship sets and by 
radio manufacturers in general. They are made in 
a wide range of capacities. 


RECEIVING CONDENSERS 


Dubilier receiving condensers, called Micadons, 
have been widely adopted for reception. Because 
thay are made of pressed mica and foil they reduce 
the tube noises due to fluctuations in capacity. 
Micadons are guaranteed to be permanent in capac- 
ity—an indispensable requisite in C. W. reception. 


The new Dubilier Variadon is a mica variable con- 
denser, no thicker than an ordinary dial, but equal 
in capacity to a variable air condenser of several 
dozen plates. 


Send for the new Dubilier catalog in which all 
Dubilier condensers are described and illustrated. 


DUBILIER “Radio сор. 
48-50 West 4^ St. N.Y. 


Branch Offices: 


San Francisco, Cal., 709 Mission Street Washington, D. C., Munsey Building 
Seattle, Wash., 1926 L. C. Smith Bldg. Huntington, W. Va., 1028 Fourth Ave 
St. Louis, Mo., Syndicate Trust Bldg. Chicago, Ill., 33 So. Clinton St. 

Los Angeles, Cal., 337 South Western Ave. Pittsburgh, Pa., 701 Granite Bldg. 


Atlanta, Ga., Forsyth Building 


Distributed in Canada by Canadian General Electric 
Company, Ltd., Toronto, Canada 
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The ideal Magnavox combina- 
tion for home or amateur 
station es, 

K | 


THE Magnavox, in amplifying with extreme sen- 
sitiveness, every signal supplied to it from the 
receiver, must necessarily amplify any extraneous 
sounds which may originate in the receiver or power 
amplifier itself. 
Therefore the combination of Magnavox Repro- 
ducer with MagnavoxPower Amplifieris very desirable, 
and gives uniformly superlative results. 


R-2 Magnavox Radio with 18- Model C Magnavox Power 


inch horn: for those who wish Amplifier insures getting 
the utmost in amplifving the largest possible power 
power: for large audiences, input and volume for your 
dance halls, etc Magnavox Radio. 2 stage, 


5 stage 


R-3 Magnavox Radio with 14- 
inch horn: the ideal instru- Combination R-3 Repro- 


ment tor use in homes, offices, ducer and 2 stage Power 
mateur stations, etc Amplifier (as illustrated). 

Magnavox Products can be had from good dealers everywhere. Our in- 

teresting new booklet (illustrated in three colors) will be sent on request. 


The Magnavox Co., Oakland, California 
New York: 370 Seventh Avenue 


X VIII 


a 


23 


> 
Е 
ho. 
Ф 
a 
x: Аё, 
E» 


PROCEEDINGS 
nstitute of Radio 
Engineers 


EDITED BY 
ALFRED N. GOLDSMITH, Ph.D. 


r^ B PUBLISHED EVERY TWO MONTHS BY = 
p via E THE INSTITUTE OF RADIO ENGINEERS 
296 140th Street and Convent Avenue, New York, N. Y 


p. o0 
t- Subscription $9.00 per Annum in the United States 
ax $9.60 in all other Countries 

aj Е 


GENERAL INFORMATION AND SUBSCRIPTION RATES ON PAGE 577 


: 
DJ 


e 

] 2 ih! 

d р 

©“ V. Entered аз second-class matter, February 16, 1916, at rt OF... at New 

L York, N. Y., under the Act of March 3, 1 

E. Aeceptance for mailing at special rate of for in Section 1103, Act of 
ai apain аа 1918, 7 


\ Í í 
O y y к 
S í А ЧУ Дь š 


Г”) 


< - 
ux. 


"oae 3 
31. Ms y> > 
E 


ees ‘oe 
: 2 ЭУ: 


X 7 — = * 
x < » Meets 
< 


„F 


RADIO CONDENSERS 


Constant Capacity 

Extremely Low Losses 

Safety Gap Protection 

High Current Carrying Capacity 
Minimum Volume 
Moisture-Proof Construction 
Long Life 

Quick Deliveries 


These are some of the reasons why radio 


engineers specify FARADONS. 
There are over 200 standard FARADON con- 


densers on which immediate deliveries can be made. 
Complete specification list and price list will be 
sent on request. 


Wireless Specialty Apparatus Company 
BOSTON, MASS. 
Established 1907 


TURAE UENIUNT 


No Matter What 
You Pay 


You cannot get a Head-Set that will 
give you more satisfactory service than 


the 
ROLLER-SMITH 


Universal Type A 
(3,000 ohms? 


Our twenty years’ experience in the 
making of precision instruments is built 
in to every one, 


List price, $6.00. Send for new Bulletin No. K-20 


ШШШ ШШШ p 


ا 
Electrical Instruments, Meters and Circuit Breakers j|‏ 


MAIN OFFICE: GAD о vores 
2134 Woolworth Bldg., NEW YORK Bethlehem, Pennsylvania 


Offices in Principal Cities in U. S. and Canada 


ШАШУ ШШЩЩ ШШ ТЇЇ 


ЇЇ 


sium ПОДОТ 


As specialists in the de- 
sign and construction 
of Transformers we are 
prepared to quote prices 
and delivery on ne 
formers singly or in 
quantity. 


Our Radio Transformers 
are well known for their 
high efficiency and rug- 
gedness. 


ACME APPARATUS COMPANY 


200 MASSACHUSETTS AVENUE 
CAMBRIDGE 39, MASS. 


TRANSFORMER AND RADIO ENGINEERS AND MANUFACTURERS 
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Constant Impedance 


AUDIBILITY METER 


Type 164 


AUDIBILIT Y 
METER 


Price, $36 


The ear alone cannot be depended upon to esti- 
mate the intensity of received signal strength. Some 
auxiliary standard of reference must be used. 


One of the more common methods is to shunt the 
telephone receivers. As the receivers are shunted, 
however, a series resistance of such a value should 
be added to the circuit that the impedance will re- 
main unchanged. 


The Type 164 Audibility Meter is so designed that 
it is direct reading in audibilities, and keeps the total 
impedance of the circuit practically constant. 


Do not guess at your receiving results. Know the 
real facts. 
Send for Bulletin R 


GENERAL RADIO CO. 


Manufacturers of 
Radio and Electrical Laboratory 
Apparatus 
Massachusetts Avenue and Windsor St. 
CAMBRIDGE 39 MASSACHUSETTS 
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“EVERYTONE” 


(GUARANTEED) 


RADIO HEADSET 


2,200 OHMS 


3,000 Ohms, $3.75 
Write for Catalog D-12 


PACENT ELECTRIC 
CO., Inc. 
22 Park Place 


New York, N.Y. 


for use on a 110-volt 
D.C. line. Equipped 
with the famous Ward 
Leonard Vitrohm 
(Vitreous enamelled) 
Resistor Units. Litera- 
ture on request. 


Meets the need for a dependable quality 
headset at a price that every one can afford. 
The Pacent *Everytone" is of superior light- 
weight construction and embodies improved 
features that insure clear reception and 
long, satisfactory service. Backed by a 
one-year guarantee and the Pacent Trade- 
mark—known for years as standing for the 
best in radio essentials. 


Pacent 


RADIO 
BATTERY 
CHARGER 


Ward Leonar 


WESTEPN UNION 


NUNWCOMO CARLTON, гарови GOEORGE W. Е. АТОМЕ. mast vicwenemeant | 


RECEIVED AT? NORTH WASHINGTON ST, 
JAM 
In сву zo САМАСА. N, Y. 


AVALON CALIF OCT 25-26 1925 


DGUGL AS RI CNEY 


А.Н. GREBE & CO VANWYCK BLVD RICHMONDHILL LJ. NY 
COPIED MAOMILLI AN SHIP TWO HOURS LAST NIGHT ON THIRTEEN ТООК 
MANY MESSAGES ANO PRESS REPORTS THEY ARE ELEVEN DEGREES FROM 
POLE ALL WELL HEAVY SNOW TEMPERATURE BELOW ZERO SAW SUN 


FOR LAST TIME YESTERDAY EASILY WORK HIM ON YOUR SPLENDID 
RECEIVER АМ FIRST AMERICAN PACIFIC COAST STATION TO HEAR HIM 


"The coming of a friend 

from a far-off land—1s 

this not true jov?” 
—Confucius. , 


Talking with a friend їп 
a far-off land 1s also truc 
delight when one uses a 
Grebe “1I3.” 


Vac 


MAJOR. L AUVRENCE MOTT 
NICA 


Copying the “Bowdoin” 
With the Grebe “13” 


Major Lawrence Mott, 6 XAD-6 ZW, Avalon, 
Cal., needs no introduction to the amateur frater- 
nity. 


We congratulate Major Mott upon his success in 
copying the “Bowdoin” for two hours. That his 
should be the first U. S. Pacific Coast Station to 
hear the MacMillan ship for so long a period is 
fitting testimony of the Major's ability as an opera- 
tor and of the excellence of his equipment. 


We are pleased to learn that the Grebe "13" was 
the Receiver used by Major Mott. 
Write us 


А. Н. GREBE & CO., Inc. 


72 Van Wyck Boulevard, Richmond Hill, N. Y. 
Western Branch: 451 East 3rd Street, Los Angeles, Cal. 


Licensed under 
Armstrong U. S. 
Pat. No. 1.113,149. 
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Uy 
Double Range Portable Voltmeter 


A new, high resistance instrument 
for accurately measuring filament, 
plate and grid voltages. Ranges 150 
and 7^; volts. Mounts on panel it 
desired. 


Other Weston instruments include 
plate and filament voltmeters, for 
panel, nulliammeters, ammeters, 
thermo-ammeters, thermo-galvano- 
TICES. CIC. 


Full particulars їп Booklet J. 
Write for it. 


Weston Electrical Instrument Co. 
72 Weston Ave. Newark, N. J. 


Branch Offices in all Principal Cities. 


Electrical 
Indicating 
Instrument 
Authorities 
Since 888 


Же AMERTRAN 


: A Super Audio Frequency Amplifying 
Price $7 Transformer Without Distortion 


Curve B` 


ARTT T 


CURVE А AUDIRIUTY AMPLIFICATION OF ONE Ame FRAN BETWEEN UV-201-A 
R ADIOTRONS. PLATE VOLTAGE IOO: блюР AS-A 5 VOLTS; AMPL CONST 


^j ifm, (T Y APPLICATION 


| FT OF TUBE 77. CURVE MAS. SAME SHAPE а мо, Uv-199 
€ УОРА, OR ANY TUBES ОР APPROX È Р У A C TAPE BRN E 
CURVE B; оме AMERTRAN BETWEEN TUBES pe oed AC IMPEDANCE 

| PLATE vOLTAQE 120; RIO BIAS: Э VOLTS, Ал”. CONST. OF TUBE 6. 


AUDIO FREQUENCY - CYCLES PER SECOND. 


Z200 


¿OO 400 600 a00 1000 1400 woo 
MUSICAL NOTES BELOW CORRESPOND ТО ABOVE FREQUENCIES 


- 
М 1. - + — 
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Covomar т^ Sc OF RANK 
| l ax SO PR ANO 
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Mt 2:0 CONTRA TOI AMPLIFICATION CHART | 
@ontk ALTO AND MUSICAL SCALE | 


I 
| 
Baritone) | AMERICAN TRANSFORMER CO. 
, re p SEC I INN o соту т.07 3 


| "m av _ Newark, N. J. 


American Transformer Company 
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Main Factory of the American Radio and Research Corporation, Medford Hillside, 

Mass. Home of Amrad Radio. Showing at extreme right Research and Engineering 

Laboratories and Broadcasting Station WGI, erected June 1915, the World’s Oldest 
Broadcasting Station operating to-day A 


Exclusive 


Developments 


For eight years this 
Corporation has special- 
ized in the development 
of Radio. Among re- 


sults— 


The AMRAD “S” Tube—a 
Rectifier with NO FILAMENT 
TO BURN OUT. 


< The AMRAD BASKETBALL i 

T BARR ETHALI Variometer—a radical improve- The S-TURE 
ч УА RIOMETER n ment over the conventional Rectifies up to 1000 volts 
pong cng жанына cease: moulded type. minimum ` m : ripple 
ity. with ordinary filter. 

AMERICAN RADIO AND RESEARCH (CORPORATION 
MEDFORD HILLSIDE, MASS. 
New York (4 Miles North of Boston) Chicago 
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Radiotron 


In high quality receiv- 

ing sets the vacuum 

| tubes — the heart 

| | of their fine perfor- 

тапсе-—Беаг the name 

E Radiotron and the 

J RCA mark. Be sure 

| to look for this identi- 

fication when you re- 
place your tubes. 


RADIOTR 
TYPE W 
STYLE ' 


I 


Radiotron WD-11 
Radiotron UV-199 
Radiotron WD-12 
Radiotron UV-200 This symbol of qual- 
Radiotron UV-201-A ity is your protection 


| 


Radio Corporation of America 
Sales Offices: Dept. 2092 


233 Broadway New York 
10 So. La Salle Street, Chicago, Ill. 433 California Street, San Francisco, Cal. 


Radiola 


REG. U.S. PAT. OFF. 
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EVEREADY 


Radio Batteries 
—they last longer 


Thirty years of Dry Cell experience and a large research 
organization are back of EVEREADY Radio Batteries. 
There is an EVEREADY Battery for every Radio need. 
Dry Cell “A” Batteries— 

Storage "A" Batteries— 

“B” Batteries for all sets — from the smallest portable to 
the largest permanent installation. 

"C" Batteries for improving quality of reception and in- 
creasing “В” Battery life. 


EVEREADY “В” BATTERY 
No. 766 
In the new metal case 


Manufactured and Guaranteed by 


NATIONAL CARBON COMPANY, Inc. 
Long Island City, N. Y. 


Radio Batteries 


«> they leet longer 
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Concerning BURGESS BATTERIES 


The unique position of esteem and confidence occupied by Burgess 
Radio Batteries is a natural development of the conservative policy 
which has characterized the manufacture, advertising and sale of 
Burgess products. 

It will be of interest to the thinking battery buyer to know that a 
аи product is neither advertised nor sold until its merit has been 

proven, not only by our own rigid tests, but also those 
ros 


of the foremost radio engineers, manufacturers and ex- 


perimenters in the country. 
die ci friendly criticism and suggestions, together 


BURGES mm with extensive research and engineering 
bs the C. F. Burgess Laboratories the 
L'A" | efficiency of Burgess Batteries has in- 


creased to a degree which we believe 18 
not equalled elsewhere. 
"ASK ANY RADIO ENGINEER” 


| BURGESS BATTERY COMPANY 


Encineers - DRY BATTERIES - MANUFACTURERS 
FLASHLIGHT - RADIO - IGNITION - TELEPHONE 


b s a =" 
II D oxi Lr GENERAL S4LES OFFICE: HAR*"IS TRUST BLOG.. CHICAGO 
LABOFATORIES AND WORKS: MADISON, WISCONSIN 
м s| BRANCHES 
үм wee yore BOSTON KANSAS CITY MINNEAPOLIS 
E. б WASHINGTON PITTSBURGH ST.LOUIS NEW ORLEANS 
гі 
il IN CANADA 
rii PLANTS: NIAGARA FALLS AND WINNIPEG 


BRANCHES: TORONTO . MONTREAL . ST. дона 


А New Feature 


The PROCEEDINGS now carries a Profes- 
sional Engineering Directory (see advertising 
page XIV) for the use of radio and consulting 
engineers and organizations rendering testing 
or engineering construction service. А card 


in this section costs only $5.00 per issue, or 
$25.00 per year on contract. For further par- 
ticulars address 


D. V. WEED, Jr., Advertising Manager 


THE INSTITUTE OF RADIO ENGINEERS 


140th Street and Convent Avenue 
New York, N. Y. 


Brandes 


“Table ~ Talker 


MARK REO. UE РАТ. 


ORE than two years 
М of intensive work in 
the Brandes labora- 
tories. Two years of experi- 
menting to perfect a loud- 
speaker device of peerless 


quality—to sell at a popular 
price. 


And now—the Table Talker. 
Worthy of the Brandes name. 
Worthy of the reputation of 
the world-famous Matched 
Tone Headset. 


True of tone—clezr, rescnent, 
mellow. 


Fine in design—fine in finish. 


A phenomenal buy—at $10. 


C. BRANDES, Inc. 
237 Layfayette St., N. Y.C. 


CMatched ‘Tone 


Radio Headsets 
© C. Brandes, Inc. 


WN RAMOS 
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JUST PUBLISHED! 


IHE OUTLINE OF RADIO 
By JOHN V. L. HOGAN 


This modern, authoritative and easily understood book will 
answer many ot the questions which puzzle vou. 


“The text is unusually instructive and written in most interesting 
Informal style . . . it presents a picture of modern radio, and par- 
ticularly broadcasting, which cannot fail to satisfy the broadcast 
listener or amateur who wants to get a real insight into the subject."— 


AM fr d Au (rolls Ih, Ph. P Director 0] Research, Radio ( orporation 
of America. 

“What appeals to me particularly in this book is the success with 
which scientific accuracy is combined with simplicity of statement."— 
Professor L. d. Hazeltine, Stevens Institute of Technology. 


This is not just another of those radio handbooks with which the 
bookstores have been plenteously loaded, but a fascinating little treat- 
T MES ( hristo phi r Morley, Ul J he Ven )ork Evening Post. 

You will want to read it and to recommend it to vour 
friends, §2 at all Booksellers 


Boston LITTLE, BROWN & COMPANY Publishers 


VACUUM 
LicurN ING ARRESTER 


/ 4$ For 17 Years a Lead- 


P^. 


іа er in the Field of 
MANU. Protective Apparatus = 
L.S. BRACH MFG. CO. Newark, N. J. 


р A MAGNET WIRE & WINDINGS 


Zle« Fon Rano 


WRiTE TODAY FOR PRICES AND SAMPLES 


DUDLO MANUFACTURING CO., FORT WAYNE, IND. 


Pacific Coast Representative 
A. S. Lindstrom, 111 New Montgomery St., San Francisco, Cal. 
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Murdock 
Radio Headphones 


STANDARD SINCE 1904 


Announcing New Prices 


2000 OHM SETS . . . $4.00 
3000 OHM SETS. . . 4.50 


Better Made Now 
Than Ever 


WM. J. MURDOCK CO. 


WASHINGTON AVENUE 
CHELSEA, MASS. 
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PROFESSIONAL ENGINEERING DIRECTOR Y 


For Consultants in Radio and Allied Engineering Fields 


ELECTRICAL TESTING 
LABORATORIES 
Electrical and Mechanical Laboratories 
Tests of Electrical Machinery, Ap- 
paratus and Supplies, Materials of 
Construction. Coal, Paper, etc. 
Inspection of Material and Appa- 

ratus at Manufactories. 
80th Street and East End Ave. 
New York 


MONTAGUE FERRY 


38 So. Dearborn St., Chicago 


Radio Apparatus 
Design 


THE J. G. WHITE 


Engineering Corporation 
Engineers—Constructors 
Builders of New York Radio Central 


Industrial, Steam Power and Gas 
Plants, Steam and Electric Rail- 
roads, Transmission Systems. 


43 Exchange Place, NEW YORK 


Your Card Here 
Will Be Seen 
By Over 2,500 
I. R. E. Members 


` ! a Fu 
“ » 


TRADE MARK REG. U S. PAT. ОЖ. 
(Made by the Molten Welding Process) 


ADOPTED AND USED BY THE LARGEST 
RADIO COMPANIES IN THE WORLD 


For aerials, Copperweld has advantages over 
solid copper or bronze 


Radio frequency currents, because of “skin effect," flow along the exterior 
of wires. The smooth exterior thickness of copper on Copperweld Wire gives it 
practically the same high electrical conductivity as a solid copper wire (see Let- 
ter Circular No. 62, U. S. Bureau of Standards). | 

Greater strength is given by its steel core. No. 14 Copperweld Antenna 
Wire has 50% greater strength than No. 14 hard-drawn copper or 7-No. 22 
stranded copper wires. It stays up under severe loads when copper and stranded 
copper wires sag and break. 


For ANTENNA, No. 14 Bare Copperweld Antenna Wire 

For LEAD-IN, No. 17 Rubber Insulated Copperweld Wire 

For GROUND Wire, same as Lead-In Wire 

For GROUNDING to earth, Copperweld Ground Rods, 14" diam. 


Larger sizes for commercial stations 


Copper Clad Steel Company 


New York San Francisco Chicago 
Mills and Main Office, Braddock P. O., Rankin, Pa. 
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HE DeForest name 
has been in the fore- 
front of radio research 
for twenty-three years. 
DeForest invented the 
three-electrode vacuum 
tube which makes 
present-day radio pos- 
sible. The sets and 
parts made to-day by 
the DeForest Company 
are worthy of the 
DeForest name. 


Magnavox brings you the 
Voice of all Christmastide «cum 
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HE Art of Radio Reproduction is enjoyed by 
every Magnavox owner. Despite the ever-in- 
creasing quality and variety of Broadcast Programs, 
many a receiving set gathers dust unlamented be- 
cause of insufficient sensitivity or an unsatisfactory 


“loudspeaker.” 


Every Magnavox owner is a mas- 
ter of the art of radio reproduc- 
tion—the results obtained by the 
use of Magnavox Reproducers 
and Power Amplifiers cannot be 
equalled with apparatus con- 
structed in the ordinary way. 
The special attention of dry bat- 
tery receiving set owners is called 
to the new Magnavox Repro- 
ducer M1, illustrated above. 


Magnavox Reproducers 


R2 with 18” horn $60.00 
R3 with 14" horn 35.00 
М1 for dry battery sets 35.00 


Combination Sets 


Al-R Reproducer and l-stage 
Amplifier . . 59.00 
A2-R same with 2-stage 85.00 


Power Amplifiers 


Al-One stage š . 27.50 
AC-2-C-Two-stage 55.00 
AC-3-C Three-stage 75.00 


Magnavox Products can be had of 
good dealers everywhere. 
THE MAGNAVOX CO. 
Oakland, Cal. 
New York Office: 370 Seventh Avenue 


Perkins Electric Ltd.; Toronto, Mon- 
treal, Winnipeg, Canadian Distri 


MAGNAVOX PRODUCTS 


12-R 


There is a Magnavox for every Receiving Set 
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If the right condenser 
is the problem. 


HE Dubilier Condenser & 

Radio Corporation is the 
largest manufacturer of 
condensers in the world. 


Its long experience in meet- 
ing the special requirements 
of governments and manu- 
facturers may be freely 
drawn upon by radio en- 
gineers. 


DUBILIER CONDENSER AND RADIO CORP. 
48-50 West Fourth St., New York 


Branch Offices in the Following Cities 


Los Angeles, Cal. Atlanta, Ga. Chicago, Ill. 
St. Louis, Mo. Huntington, W. Va. Pittsburgh, Pa. 
Washington, D. C. 


Distributed in Canada by Canadian General Electric Company, Ltd., Toronto 
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18 Stock Sizes 
Radion Panels 


6x7 7x21 
6 x 10% 7 x 24 
6 x 14 7 x 48 


6x21 9X I4 
7x9 IÓ X 12 
7 x IO I2 X I4 
7X12 I2 X 2I 
7X 14 14 X 18 
7x18 20 X 24 


Jhe Sup reme Insulation 


RADION 
Panels 


are easiest 
to drill, saw 
or engrave 


Radion being an insulation material especially made for wires 
less use, has the lowest phase angle difference, lowest dielectric 
constant, highest resistivity and supreme moisture, pas and 
acid-repelling properties. 


American Hard Rubber Co. 


11 MERCER STREET - - 
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